THE SUMMER MEETING OF THE SOCIETY. 


THE EIGHTEENTH SUMMER MEETING OF THE 
AMERICAN MATHEMATICAL SOCIETY. 


Tue eighteenth summer meeting of the Society was held 
at Vassar College on Tuesday and Wednesday, September 
12-13, 1911, extending through two sessions on Tuesday and 
a morning session on Wednesday. The attendance included 
the following thirty-two members: 

Dr. R. C. Archibald, Dr. F. W. Beal, Dr. Elizabeth R. 
Bennett, Professor G. D. Birkhoff, Professor Joseph Bowden, 
Professor W. G. Bullard, Dr. H. T. Burgess, Professor F. N. 
Cole, Professor L. L. Conant, Dr. Elizabeth B. Cowley, Mr. 
E. P. R. Duval, Professor L. P. Eisenhart, Professor T. S. 
Fiske, Mr. Meyer Gaba, Miss Ida Griffiths, Dr. W. A. Hurwitz, 
Professor C. J. Keyser, Professor W. R. Longley, Professor 
J. H. Maclagan-Wedderburn, Professor G. A. Miller, Dr. 
H. H. Mitchell, Professor G. D. Olds, Professor Arthur Ranum, 
Dr. J. E. Rowe, Professor C. H. Sisam, Professor A. W. Smith, 
Professor Virgil Snyder, Professor E. B. Van Vleck, Professor 
Oswald Veblen, Professor A. G. Webster, Professor H. S. White, 
Professor J. W. Young. 

Ex-Presidents T. S. Fiske and H. S. White occupied the 
chair at the several sessions. The Council announced the 
election of the following persons to membership in the Society: 
Professor Frederick Anderegg, Oberlin College; Dr. C. E. Brooks, 
Northwestern University; Mr. G. G. Brower, Cascadilla School; 
Mr. W. C. Graustein, Harvard University; Dr. Dunham Jack- 
son, Harvard University; Mr. W. V. Lovitt, University of 
Washington; Mr. J. C. Rayworth, Washington University; 
Mr. L. L. Smail, University of Washington; Dr. E. B. Stouffer, 
University of Illinois; Dr. S. E. Urner, University of Wis- 
consin; Professor J. N. Van der Vries, University of Kansas; 
Mr. C. W. Wester, University of Washington. Twelve ap- 
plications for membership in the Society were received. 

On both days of the meeting luncheon was served in the 
College buildings. On Tuesday evening twenty-nine of the 
members gathered at the customary informal dinner, at the 
close of which Professor Birkhoff spoke briefly on Moore’s 
general analysis and Professor Webster on wider views in 
mathematics and physics. Wednesday afternoon was devoted 
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to an excursion to Lake Mohonk. At the close of the meeting 
the hospitality of Vassar College was gratefully acknowledged 
by a vote of thanks. 

During the summer the following committees have been 
appointed: on nomination of officers and members of the 
Council, Professors Bécher, Dickson, and Morley; on arrange- 
ments for the summer meeting and colloquium at Madison in 
1913, Professors Moore, Osgood, Van Vleck, and the Secretary. 

The following papers were read at the summer meeting: 

(1) Professor Epmunp Lanpavu: “Ueber eine idealtheo- 
retische Funktion.” 

(2) Dr. W. A. Hurwitz: “On the pseudo-resolvent to the 
kernel of an integral equation.” 

(3) Dr. W. A. Hurwirz: “On mixed linear integral equa- 
tions.” 

(4) Dr. Exizapetu R. Bennett: “Simply transitive prim- 
itive groups whose maximal subgroup contains a transitive 
constituent of order p? or pq, or a transitive constituent of 
degree 5.” 

(5) Professor Ftortan Casori: “On a rare book of Michel 
Rolle and the history of ‘Rolle’s theorem.’” 

(6) Professor L. C. Karprnsxi: “The algebra of Abi: Kamil 
Shoja ben Aslam.” 

(7) Dr. F. W. Beau: “Normal congruences determined by 
centers of geodesic curvature.” 

(8) Professor ARNOLD Emcu: “On the congruence of rays 
realizing circular transformations between two planes.” 

(9) Professor Jos—EpH BowpEN: “The two fundamental 
relations of the calculus” (preliminary communication). 

(10) Dr. J. E. Rowe: “Covariant curves of the R‘ and R°.” 

(11) Professor G. A. Miter: “A third generalization of 
the groups of the regular polyhedra.” 

(12) Professor G. A. Mitter: “Some properties of the 
group of isomorphisms.” 

(13) Professor L. P. E1sennart: “Minimal surfaces in 
plane four-space.” 

(14) Professor ArTHUR Ranum: “On the projective differ- 
ential geometry of spreads generated by 0! flats.” 

(15) Mr. E. W. Castie: “A graduation of the combined 
experience table of mortality to Makeham’s formula by the 
method of moments.” 

(16) Dr. S. Lerscnerz: “On the existence of loci with given 
singularities.” 
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(17) Dr. S. Lerscnetz: “On some topological properties 
of plane curves.” 

(18) Professor Vira, Snyper: “Periodic quadratic trans- 
formations in a ternary field.” 

(19) Professor A. G. WesstTER: “On a new mixed boundary 
problem in connection with the telegrapher’s equation.” 

(20) Professor A. G. Wesster: “On the wave potential of 
a circular ring of sources.” 

(21) Professor A. G. WessteEr: “ Solid viscosity versus elastic 
hysteresis in the transverse vibration of an elastic bar.” 

(22) Professor G. D. Brrxuorr: “New proof of a theorem 
concerning matrices of analytic functions.” 

(23) Professor G. D. Brrxnorr: “On the simplest type of 
irregular singular point.” 

(24) Professor G. A. Buiss: “A generalization of the prepa- 
ration theorem for a power series in several variables.” 

(25) Professor Oswatp VEBLEN: “On the definition of 
multiplication of irrational numbers.” 

(26) Dr. H. T. Burcess: “One-parameter groups of contact 
transformations defined on a fixed quadric by a bilinear form.” 

(27) Professor JoserH BowpEn: “Making a recitation 
schedule.” 

Mr. Castle’s paper was communicated to the Society by 
Professor Glover. Dr. Lefschetz was introduced by Professor 
Webster. The papers of Professors Landau, Cajori, Kar- 
pinski, Emch, Miller (second paper), Mr. Castle, and Professor 
Bliss were read by title. Professor Landau’s paper will appear 
in the October number of the Transactions. Abstracts of the 
other papers follow below. The abstracts are numbered to 
correspond to the titles in the list above. 


2. The method developed by Fredholm for the solution of 
the linear integral equation is comparatively simple in case the 
homogeneous equation admits no solutions not identically zero; 
a resolvent function to the kernel of the equation can be ex- 
pressed in terms of the determinant and the first minor. If the 
homogeneous equation admits non-zero solutions, the develop- 
ment of necessary and sufficient conditions for the existence of 
solutions of the non-homogeneous equation by Fredholm’s 
method, while similar in character to the simpler case, involves 
the introduction of minors of higher order, thereby necessitating 
somewhat tedious and complicated algebraic manipulation. 
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For the sake of simplicity of presentation, it seems valuable 
to secure these results more simply. Dr. Hurwitz’s first paper, 
by the artifice of transforming a given integral equation into a 
new one for which the corresponding homogeneous equation 
has no solutions other than zero, proves, without the introduc- 
tion of minors of higher order, the following theorems, furnishing 


the theory desired: 
1) If the kernel K(z, y) is continuous, the equations 


(1) g(x) = f K(z, s)¢(s)ds, 


a) Hz) = [ vOK(e, 2d 

have each a finite number of linearly independent continuous 

solutions, and this number is the same for the two equations. 
2) If the complete sets of normal orthogonal continuous solu- 

tions of (1), (1’) are respectively ¢:(x), g2(z), ... 5 om(x); ¥u(2), 


yo(x), ..., Ym(x), there exists a continuous function k(z, y), the 
pseudo-resolvent to the given kernel K(a, y), such that 


ke, y) = Ke,» + [ Ke, ok, yds — Dvseevie, 


Ke, ») = Ke, 9) + [ Ha, KG, de — ¥ oso). 
3) A necessary and sufficient condition that the equation 
(2) uz) = f(a) + [ K¢w, dude 
(where f(x) is continuous) have a continuous solution, is that 
fsa) $02) dz=Q (¢=1,2,...,m). 
If this condition is fulfilled, the most general solution of (2) is 
u(x) = f(z) + f “Ke, 8)f(s)ds + 2 cipi(x), 


where (Ci, C2, ..+, Cm are constants. 
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3. By a mixed integral equation is understood one which 
involves the unknown function under several integral signs, 
operating over regions of different numbers of dimensions, and 
which also involves the value of the unknown function at 
isolated points. Dr. Hurwitz’s second paper seeks to indicate 
how the theory of mixed linear integral equations follows the 
laws governing linear equations in general, by the establishment 
of the following theorem, bearing on an especially simple case: 

Let f(x), ki(x), ke(x), --+, km(x) be continuous functions of z, 

x = 6b, and K(a, y) a continuous function of x and y, 
2=b,a=y=b); let x, x2, +--+, 2m liein the interval a =z 
=b. Then if the homogeneous mixed linear integral equation 


u(2) = & k(e)ute,) + f Kez, s)u(s)ds 


has no continuous solution, a=xz=b, other than u(x) = 0, 
the equation 


u(x) = f(z) + > k(a)ute,) 7 ri K(z, s)u(s)ds 


has one and only one continuous solution. 


4, Certain restrictions on the transitive constituents occurring 
in the maximal subgroup of a simply transitive primitive group 
when the maximal subgroup contains a transitive constituent 
of degree 3 or 4 or a transitive constituent of order p, have 
been determined. Dr. Bennett considers how the degree of a 
simply transitive primitive group and the transitive constituents 
in its maximal subgroup are limited when the maximal sub- 
group contains a transitive constituent of order p* or pq or a 
transitive constituent of degree 5. 


5. Professor Cajori’s paper describes Rolle’s Démonstration 
d’une méthode pour résoudre les égalitez de tous les degrez, 
etc., a book which has not been previously described by his- 
torians. Recent doubts as to whether “Rolle’s theorem” is 
due to Rolle are removed by this book, which gives the theorem 
in the course of the demonstration of Rolle’s “method of cas- 
cades.” ‘The book gives also the solution of equations by the 
intersections of circles and parabolas, and a discussion of quad- 
ratic residues containing proofs of the theorem of Diophantus 
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that no integer of the form 4n +3 can be the sum of two 
squares and of the theorem that no integer 8n + 7 can be the 
sum of three squares. “Rolle’s theorem” apparently was not 
named after Rolle until after the middle of the nineteenth 
century. It rose to prominence after O. Bonnet based upon it 
a proof of the theorem of mean value (Serret, Calcul différentiel 
et intégral, 1868, page 17) and Taylor’s theorem came to be 
proved by the mean value theorem (Homersham-Cox and 
Rouché). 


6. In 1841 Chasles called attention to the Latin translation 
of an Arabic Algebra which is found in the Paris manuscript 
7377A. This Algebra is now known to be the work of Abi 
Kamil Shoja ben Aslam, who flourished during the early tenth 
century. Two commentaries on this Algebra were written 
within the same century and an Arabic historian, Ibn Khaldin 
(1332-1406) states that a Spanish commentary was written 
by one Al-Korekhi, otherwise unknown. Mordechai Finzi 
(e. 1460) of Mantua made a Hebrew translation which bears 
internal evidence that it was based upon a Spanish version. 
Up to the present time copies have been found of the Latin and 
Hebrew translations only. 

Professor Karpinski presents the first study which has been 
made of this Algebra since Chasles called attention to it. This 
shows that Abi Kamil devised several new geometrical solu- 
tions of the three types of quadratic equations (a? + bx = ¢, 
2+e=br, 2 =br+e) but that otherwise he followed 
closely the lines laid down by Al-Khowarizmi and that Leonard 
of Pisa drew many of his algebra problems, complete with their 
solutions, from Abii Kamil. 


7. In 1892 Caronnet announced the following theorem: 
The necessary and sufficient condition that the lines which join 
the centers of geodesic curvature of the curves of an orthogonal 
system on a surface shall form a normal congruence is that the 
corresponding radii of geodesic curvature be functions of one 
another or that the curves in one family or both have constant 
geodesic curvature. Dr. Beal’s paper is concerned with the 
determination of normal congruences of this kind and with an 
investigation of their properties. For the sake of brevity he 
has referred to them as associated normal congruences. 

When both radii of geodesic curvature are constant the as- 
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sociated normal congruence is the congruence of normals of a 
Bianchi transform of the given surface. In this case the given 
surface must be pseudospherical and of total curvature equal 
to the negative of the sum of the squares of the constant geodesic 
curvatures. Associated normal congruences exist for any sur- 
face for any given functional relation between the radii of 
geodesic curvature and are determined by a partial differential 
equation of the first order, which is also of the first degree when 
and only when one radius is equal to a constant or to a constant 
times the other. The condition in the theorem due to Caronnet 
that the system of curves be orthogonal may be replaced by the 
condition that the curves of the two families intersect under a 
constant angle. The congruences determined by these systems 
will be associated normal congruences. 


8. As is well known, the Steinerian transformation realizes 
in a very simple geometric manner a general uniform quadratic 
transformation between two planes. This correspondence is 
obtained by the intersection of the congruence of rays through 
any two skew lines with those planes. The special case of 
circular transformations is obtained by assuming in a definite 
manner two of the fundamental points in each plane as the 
circular points at infinity. In this case the construction in the 
Steinerian sense becomes illusory. It is however possible to 
establish such a congruence by means of two inversions in 
space and it is the purpose of Professor Emch’s paper to investi- 
gate the properties of this congruence and its limiting surface, 
which is of the fourth order. 


9. In order to give a clear understanding of the fundamental 
theorems of the integral calculus Professor Bowden finds it 
useful to employ the symbols D and I respectively for the 
relations “is the derivative of” and “is an integral of.” Thus 
22 D 2?, x? + 4] 22x, (ulv) = (eDu). Each of these relations is 
the converse of the other. Each is non-reflexive, non-sym- 
metric, non-transitive. Among the fundamental Jaws are: 
(uDv) > (—uD—v), (u Dv) ~ (wDs) D (u+w)D(o+s), (uDr) - 
(wDs) D (us + ww)D(vs), (ulv) 3D (—ul —v), (ulv) ~ (wIs) 
D> (u + w)I(v + 8), (ulv) ~ (wIs) D uwl (vw + us). 


10. In his dissertation, which appeared in the July Transac- 
tions, Dr. Rowe has considered certain covariant curves of the 
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R‘ which are combinants of two binary quartics cut out by two 
secant lines of the R*; these curves are expressible in terms of 
three-rowed determinants of the type |abz| and are called com- 
binant curves of the R*. In Section I of the present paper 
certain covariant loci of the R‘ are obtained which are expressible 
in terms of three-rowed determinants of the types |abe| and 
laba|; these are not combinant curves as defined above and for 
convenience are called bicombinant curves of the R‘. 

The conic A — 16B = 0 (conic on flexes of R*) cuts out two 
other points besides the flexes which we call q;; these two points 
determine a line LZ; which determines two other points r;. Ty, is 
defined as a member of a pencil of bicombinant lines as follows: 


(1) 5D, = Is + 4(Q2 — 4Q0Q2) Li, 


where J, cuts out the two g; on A — 12B = 0 (envelope of flex 
lines of cubie osculants of the R*) and is the locus such that 
tangents to the R‘ from it have their parameters apolar to the 
flexes; the expression in the parenthesis of (1) is the condition 
for the q; to unite; and J; is a locus such that tangents from it 
to R‘ have their parameters apolar to the g; each taken three 
times. The equation of the line Z, and the quadratic giving 
the r; are derived in this way. The condition that the q; and 
r; be apolar is the discriminant of the conic A — 16B = 0. 

Two bicombinant conics are given: the conic on the nodes 
and q;, and the conic on the nodes and r;. 

The bicombinant cubic on the flexes and nodes of the R¢* is 
written out in full. By mere substitutions in this equation are 
obtained the following bicombinant cubics: on nodes and q; 
each taken three times; on nodes, g; each taken twice, and on r;; 
on nodes, q;, and on r; each taken twice; on nodes, and r; each 
taken three times. 

In Section II the combinant curves of the R® of orders two 
and three are considered. The R* has a pencil of combinant 
conics having double contact on the covariant line. The com- 
binant *cubics of the R® are expressed in terms of four among 
which no linear relation exists in general. There is a unique 
combinant cubic expressed in terms of the above four which 
cuts out the flexes of the R® and six other points. 

Also, a method is given for finding a certain set of invariants 
for any rational curve of odd order by reason of the R?"+! 
having a covariant rational line quartic whose invariants are 
known. These invariants are actually found for the R°. 
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11. The abstract properties of the regular polyhedron groups 
were first developed by Sir W. R. Hamilton in a paper presented 
to the Royal Irish Academy in 1856. These groups are defined 
by three equations between the two generators s,s. The 
equations may be written in the form 


st = 38 = (8182) = 


where two of the three positive integers a, 8, y are equal to 2 
and 3, while the third has the value 3, 4, or 5, according as the 
group is tetrahedral, octahedral, or icosahedral, respectively. 
In the present paper Professor Miller considers the possible 
groups when the last condition is omitted. That is, he considers 
the groups generated by 8, s2 when these operators satisfy two 
conditions of the form 


si = sf = (8182)” 


with the same restrictions on a, 6, and y as before. 

It is proved that no more than four non-abelian groups can 
satisfy such a pair of conditions, and that the present generaliza- 
tions lead to simpler systems of groups than the two earlier 
generalizations considered by the same author. The following 
theorems were proved: If two non-commutative operators 
satisfy the conditions s} = s} = (s:s2)?, they generate either the 
tetrahedral group or the non-twelve group of order 24; if they 
satisfy the conditions s} = s} = (s,s2)*, they generate either the 
octahedral group or a group of order 48 known as G2; if they 
satisfy the two conditions s} = s3 = (s:32)?, they generate either 
the icosahedral group or a group of order 120 known as Gio. In 
all the other possible cases the non-abelian groups are either the 
direct products of one of the given groups and a cyclic group or 
an isomorphism between such groups. 


12. The first part of Professor Miller’s second paper is devoted 
to a study of the group of isomorphisms J of an abelian group 
G. It is pointed out that I can always be represented as a 
transitive substitution group on letters corresponding to a set 
of operators of G and that this can be done in only one way. 
When I is represented as such a substitution group it is very 
easy to prove that unless G is of order 2” and of type (1, 1, 1, 
. . .) its group of isomorphisms cannot be represented as a sub- 


stitution group on letters corresponding to a set of subgroups 
of G. 
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The principal theorems proved in the second part of this 
paper may be stated as follows: The group of isomorphisms 
of a non-abelian group cannot be represented transitively on 
letters corresponding to a set of commutative operators of this 
non-abelian group. If the group of isomorphisms J of a group 
G is represented on letters corresponding to a set of operators of 
G, then J cannot be more than doubly transitive unless it is 
the symmetric group of order 6. If J is doubly transitive, and 
is not this symmetric group, then the subgroup composed of 
all the substitutions of J which omit one letter is always im- 
primitive. 


13. At the April meeting of the Society Professor Eisenhart 
established a method of giving to the parametric equations of 
any minimal curve in plane four-space a form analogous to the 
Weierstrass equations of minimal curves in ordinary space. 
In the present paper he makes use of these forms in order to 
define and discuss minimal surfaces (dimensional spreads) in 
plane four-space. This form is of particular value in the study 
of algebraic surfaces. The geometry of a general minimal 
surface in the neighborhood of a point is studied to advantage. 
With any such minimal surface it is possible to associate a 
family of applicable surfaces analogous to the group of associate 
minimal surfaces in ordinary space and therefrom follow formu- 
las analogous to the formulas of Schwarz, with the consequent 
theory concerning the determination of a minimal surface by a 
strip. Reference is made to the minimal surfaces in four-space, 
defined by an equation of the form z + i = f(a + ty), where f 
is an analytic function; these surfaces have been considered 
from another point of view by Karl Kommerell under the title 
Riemann Surfaces. This paper will be published in the Amer- 
ican Journal of Mathematics. 


14. In this paper Professor Ranum generalizes to n-dimen- 
sional space the results of his paper on “Ruled surfaces and 
planed hypersurfaces in four-dimensional space,” of which an 
abstract is given in the BULLETIN, volume 17, page 302. An 
m-dimensional spread S,, generated by 2! flats (linear spaces) 
is given by a set of homogeneous parametric equations. Its 
tangent spread S_,.,, is defined as the locus of the connecting 
flats of its consecutive generators. The focal spread of S,,, 
namely the locus of the flats of intersection of its consecutive 
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generators, is shown to be an S,,_,.. The number r is called the 
rank of S,,. S,,,, and S,,_, are in general of lower rank than S,,. 
The focal spread of the tangent spread of S,, is in general a 
larger spread enclosing S,,. Calling the focal spread of the 
focal spread the 2nd focal spread, etc., the author shows that 
the Ist, 2nd, ..., ith focal spreads of the 7th tangent spread 
of S,, are all of the same rank and all enclose S,,._ Various other 
projective differential properties of these spreads are derived, 
the principle of duality is employed, and a general scheme is 
obtained for classifying the spreads. 


15. The chief purpose of Mr. Castle’s paper is to present a 
graduation of the combined experience of actuaries table of 
mortality to Makeham’s formula by the method of moments. 
‘The different methods of graduating a mortality table may be 
roughly classified under two heads: those in which some formula 
is assumed to express the functional relation between the number 
living and the age z, the arbitrary constants involved being 
determined from the original data; and, second, those in which 
the number living at any age 2 is derived from the original data 
in such a way as to produce a smooth curve without satisfying 
any functional relation. 

In the graduation here presented Makeham’s formula 


y = ks*g® 


was assumed to express the functional relation between the 
number living y and the age 2, the arbitrary constants fk, s, g, 
and ¢ being determined by the method of moments. Briefly, 
the theory involved in graduation by the method of moments 
is that in fitting an assumed formula to statistical data the 
values of the constants which depend upon all the given data 
are obtained by finding the area and moments of the theoretical 
curve, and equating them to the corresponding area and mo- 
ments as obtained from the statistical data. 

The work has been carried out in considerable detail with 
the secondary object of being of use to those who desire to 
employ the method of moments in graduating similar statistical 
data. The paper will be published in the Annals of Mathe- 
matics. 


16. The main point of Dr. Lefschetz’s first paper in the intro- 
duction of a new inequality which the Pliickerian numbers of any 
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algebraic multiplicity have to satisfy. Plane curves are chiefly. 
treated. Adopting Salmon’s notations, since a double point 
requires one condition, a cusp two conditions to be satisfied 
by the coefficients of the general curve of a given order m, we 
must have 


m(m + 3) 
eit coed 


6+2k= 8 


for such conditions are expressed evidently by the vanishing 
of as many invariants. A discussion follows, and maxima are 
given for the number of cusps alone. The question of the 
maximum of cusps for a given deficiency is also treated. Finally 
the same method is applied to surfaces. The cases of surfaces 
of the third, fourth, and fifth orders are treated at some length, 
and for them maxima for the number of binodes found. To 
mention one interesting result, it is found that a surface S, 
can have no binodes if it has more than 14 nodes, and never 
more than 8 binodes. 


17. The chief feature of Dr. Lefschetz’s second paper is an 
application of inversion to a descriptive study of curves. First, 
some well known properties of open or closed branches receive 
new proofs. Next a study of curvature follows with an intended 
application to inflexions of certain branches by means of an 
inversion. Then a detailed study is made of closed branches 
having one single multiple point of multiplicity k. A representa- 
tion of such a system is given by means of a sketch, the chief 
feature of which is the formation of certain polygons having 
for vertices those of a regular polygon of k sides. By means 
of some simple properties of such polygons, a theorem is proved 
for the case of k = 2n + 1, which is then shown to be equivalent 
to the theorem of Mobius giving 3 as the minimum of inflexions 
of an odd branch without any multiple points. _ Really the idea 
is to substitute for a curve having infinite branches one lying 
at finite distance. Mébius did this by projecting plane curves 
on a sphere; the author cbtains the same results by inverting 
the curve with respect to a pole through which it does not pass. 


18. In the study of finite groups of Cremona transformations 
extensive use is made of the composition of each generator in 
terms of quadratic transformations. If two fundamental 
points are identical with two fundamental points of the inverse 
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system the iteration of the quadratic transformation is also 
quadratic (or the identity). Starting from the theorem that 
in a cyclic collineation a point and its successive images lie on 
a conic, Kantor drew similar conclusions concerning quadratic 
transformations. Professor Snyder showed that neither one of 
these theorems is true unless restrictions are imposed on the 
coefficients, and that in consequence extensive categories of real 
transformations are omitted in Kantor’s classification.* 


19. If uw and » stand for the current and potential respectively 
multiplied by an exponential factor, each satisfies the equation 


eu au 

ea ap t¥=° 
and the problem treated in Professor Webster’s first paper is 
the satisfaction of Cauchy’s conditions, function and conormal 
derivative being given for y = 0, x =0, while for zx = 0, y=0 
the condition is 


Ou a”"u 
as + a, yt Baa t +++ Fea. 


+ boo + b1—" +h sat. +b55= v(y). 


By means of Riemann’s method, integration around the proper 
contour leads to a Volterra integro-differential equation for the 
conormal derivative, which gives the solution by the usual 
formula. 


20. In Professor Webster’s second paper the solution of the 
wave equation is found in the form of a definite integral, which 
is developed into two series for practical computation. 


21. In Professor Webster’s third paper the theory of the 
normal vibrations of a bar vibrating transversely is worked out 
according to Voigt’s theory of viscosity, and also according to 
the theory of heredity as developed by Boltzmann, Wiechert, 
and especially Volterra, and the results contrasted. Experi- 
ments favor the heredity theory. 

*S. Kantor, “Premiers fondements pour une a des transforma- 


tions périodiques univoques,” Atti della R. Accademia . . . di Napoli, ser. 2, 
vols. 3 and 4 (1891), pp. 1-356. 
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22. In this note Professor Birkhoff employs the theory of 
integral equations to derive another proof of a theorem which 
was stated by him in an earlier paper on singular points of 
ordinary linear differential equations (Transactions of the 
Society, volume 4 (1908), pages 436-470). 


23. In a second note Professor Birkhoff makes a detailed 
study of the irregular singular point of rank zero for a linear 
differential equation of the second order. The method depends 
on the theorem of the previous note. 


24. The paper of Professor Bliss contains a generalization of a 
well-known theorem concerning a power series in several variables 
F(a, %, +++, 2,3 y). This theorem states that if F(0, 0, ---, 
0; y) begins with a term of degree v in y, then there exists a 
unique series M(a, 22, ---, 2,,; y) with constant term different 
from zero, such that the product MF is a polynomial in y of 
the form 


MFP =yt+ay*+ay?+°::++qaqy+ a, 


where the coefficients a, are power series in 2, 22, --+, 2,, Which 
have no constant terms. Evidently in a sufficiently small 
region about the origin the roots of the function F are all roots 
of the polynomial, and vice versa. 

The generalization has to do with a system f functions 
F (21, %2, ***s ni Yrs Yor °°» Yn) (a2 = 1, 2, ---, n) for which the 
series F,(0, 0, ---,0; a1, ye, ++, y,) begin with so-called “ charac- 
teristic” polynomials f,(%, yz, ---, y,), homogeneous and of 
degrees v,, respectively. Under certain restrictions on the 
coefficients of the functions f,, there will then always exist a 
polynomial 


P(21, 22, +++) Eni Ye) = YR taye +--+ + ayy + ay 


of degree N = x2 --- v,, such that every root of the equations 
F, = 0 ina sufficiently small region about the origin makes the 
polynomial vanish, and conversely to every root of the poly- 
nomial there corresponds a root of the equations. The poly- 
nomial is linearly expressible in the form 


P = M,;F, ~ M.F, — a aa M,F., 


where the coefficients M, are series m 21, 22, +++, Ln} Yt» Yor °° Yas 
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25. In the genetic theory of the irrational numbers, each open 
cut in the scale of rationals determines an irrational. Arbitrary 
definitions are given of the operations of addition and multipli- 
cation, which are then proved to satisfy the same laws of com- 
bination (associative, distributive, commutative, inverse) as the 
rational numbers. Professor Veblen showed that it is possible, 
without altering the definition of addition, to give another 
definition of multiplication such that all the laws of combina- 
tion hold good, such that the product of two rationals or of a 
rational and an irrational is the same as in the ordinary system, 
but such that the product of two irrationals is different from 
their product in the ordinary system. The new definition de- 
pends on the well-ordering of the continuum, and an infinity of 
similar definitions may be set up. The resulting number 
systems have applications in the foundations of geometry. 


26. Denote the fixed quadratic surface by Q, its equation by 
Q(x) = 0, the polar form of Q(x) by Q(z, y), and the general 
bilinear form by B(z, y); and write the equations 


Q Q@=0 (2) QQ) =9, 
(3) R@,y,d) = Q@,y) + BG, y) = 0. 


Since the region of definition of the variables is limited to Q 
by (1) and (2), the equations (1), (2), and (3) considered to- 
gether set up on Q a family of point-conic correspondences which 
are denoted by I'(a, y, d). 

For a fixed value of X, to any two consecutive points on Q 
there correspond by I'(, y, 4) two consecutive conics on Q; the 
two consecutive points determine a line element on Q and the 
two consecutive conics determine in general two line elements 
on Q. As X varies, I'(2, y, \) establishes a system of contact 
transformations on Q which are denoted by 7A). 

In this paper, Dr. Burgess proves the following: Provided 
B(x, y) = 0 is not a null system, a necessary condition that 
T(A) be a group is that the d-matrix of AQ(z, y) + B(ay) 
possess one of the following characteristics: [1(111)], [1°(111)], 
[1(1°1°1°)], [(211)], [(2°1°1°)]. 


27. For making a recitation schedule Professor Bowden uses 
several relation and operation tables, of which the principal 
ones are (1) a sequence card combining the hours of the week 
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into sequences, (2) a course table showing what teachers give 
and what pupils wish to take the various courses, (3) a conflict 
table showing the common members of each pair of courses, 
if their number is not more than a given number, say five, and, 
if more, showing that fact. The first of these tables is a unary 
operation table, the second a dyadic relation table, the third a 
combination of a binary operation table and a dyadic relation 
table. 

The course table is cut into strips showing the class lists, 
which are used to form the conflict table. This table is then 
cut into strips, one for each course, which are then easily as- 
sembled into groups, so as to have as few conflicts as possible. 
The courses of any one group are placed at the same sequence 
of hours. 

The form in which the schedule first appears is itself a dyadic 
relation table, the left-hand column containing the department 
names, the top row containing the numbers of the sequences, 
and the intersections of rows and columns the course numbers. 

F. N. Coxe, 
Secretary. 





A NECESSARY AND SUFFICIENT CONDITION FOR 
THE UNIFORM CONVERGENCE OF A CERTAIN 
CLASS OF INFINITE SERIES. 


BY DR. N. J. LENNES. 
(Read before the American Mathematical Society, February 25, 1911.) 


Att numbers x such that a =z=b constitute the interval 
ab. A function f(x) is said to be continuous on an interval ab 
if (1) it is continuous in the ordinary sense for every value 
of z, a<2<b, (2) if it has right hand continuity for x = a 
and left hand continuity for x = b. 

TueoreM. [f on the interval ab 


Ds U,(2) = f(x), 


Ux) (i = 0, «++, ©) and f(x) being continuous on the interval 
ab, then in order that = U,(«) shall be uniformly convergent on 
n=0 
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the interval ab it is necessary and sufficient that for any x; on ab, 
any arbitrary number 6 (however small) and any arbitrary integer 
N there is an integer N’(i, 5, N)* greater than N, which satis- 
fies the following condition: 
On the interval x; — 6, x; +6 there is a value x; of x such 
that for every N;’’ > N’(i, 6, N) 
| NG, 8, N) | [wa 
| bs U,(ai) — f(xi) _ EUG) — f(z) 
for every value of x on the interval x; — 5, x; — 5 which also lies 
on ab.t 
Proof: (1). The condition is necessary. (In the proof N’(2, 
5, N) is written N,’.) 


By hypothesis » U,(x) is uniformly convergent on ab and 


n=v 
hence on every subinterval x; — 6, 2; + 6 which is contained in 
ab. Two cases are possible: 

(a) U,(x) = 0 for every x on x; — 6, x; + 6 and for every 
value of n greater than some fixed number N;. In this case 
the conclusion of the proposition holds for z;/ any x on 2; — 5, 
x; + 6, the two differences 


Ni’ 


> U,(x;) a f(z) and »> U,(2) a. f(x) 


being zero. 

(b) There is no number N,’ such that for every n > N,’ 
U,(x) = 0 for x on 2; — 6,2; + 6. 

In this case for every N’ there are values of n, n’ > N;’ and 
values x; of z on x; — 6, x; + 6 such that 


* The subscripts 7, 5, N indicate that N’(i,5, N) depends on all of these. 
7 A special case of this lemma when 


>| Un (2) 


is convergent is given for the sufficient condition by Pringsheim, Mathe- 
matische Annalen, vol. 44 (1893), p. 82, and by Bécher, BULLETIN, vol. 
4 (1898), p. 368. The theorem of the present paper, besides stating a 
necessary as well as a sufficient condition, covers a larger class of functions 
than is covered by the theorem of Pringsheim. Thus the uniform con- 
vergence over a certain interval of an alternating series representing a 
continuous function follows as a special case provided that for every 
value x of xz of the interval there is a neighborhood of zi on which the 
numerical values of the terms decrease after a certain term. 
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_ | 
a) SVs — fe) | > 26 


where € is some positive number. 
The series }> U,(x) being uniformly convergent on 2; — 6, 
n=U 


x; + 6, there is a value of n, n” such that for all values of n, 
n>n”, 


| ’ 
(2) 4 U,(2) — f(x) | <.e. 


iM~ 


k 
Since for any value of k, >> U,(x) and f(x) are both con- 


tinuous functions on x; — 6, x; + 6 there is a definite value of 
x for which 


2 U,(x) — f(x) | 


reaches a maximum on the closed interval 2; — 6, x; + 6. 

Denote this maximum by D(k). Since n” —n’ is a finite 

number, there is a value of n, n = Nj, n’ = Ni =n" for which 

D(k) reaches the maximum for the values of k, n’ =k =n” 
Let x; be a value of x for which 


> Use) ~ se) 


n=vU 


reaches its maximum. Then by (1) and (2) 
NG 


¥ Usle') - fe) = yu Ta(x) — f(z) | 


n=0 n=0 


for every x on x; — 6,2; + 6 and every N,” > N,’, which proves 
the condition necessary. 
(2) The condition is sufficient. Since by hypothesis 


> Vale) = fe), 


the function f(x) being defined on ab, it follows that 3 U,(2) is 


convergent for every value of z on this interval. "Henes for 
any preassigned positive number ¢ and any value 2; of z on ab 
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there is an integer N; such that 


(3) | = Unies) — fla)| <« 


for every N/ = Ni. 


Ni’ 


The function >> (U,(z) being continuous in the neighbor- 
n=0 


hood of x = 2; for every value of N,’, there is a positive number 
5’, depending on ¢, x;, and N,’, such that for |x — 2;| < 8’ 


Ni’ 


Ni’ | 
(4) »y U,(2) — > U,(2:) | <e 


for any preassigned NV,’ > N;. 

Since f(x) is continuous for x = 2;, there is a 8” such that for 
|a — a;| < 6” 
(5) f(z) —f@i)|<e 


Let 5’” be the smaller of 6’ and 6”. Then for zx such that 
|2 — 2;| < 6’” we have from (3), (4), (5) 


Ni’ | 
(6) p> U,(x) —f @)| < 3¢ 


for any arbitrarily assigned N,’. 

But by hypothesis, for every x; and an arbitrary N; there is 
an N,’ such that for any N,’’> N/ and for x on some interval 
a, — 8", x; + 8” there is an 2,’ such that 


Ni” 


> U,(2) — f(z) |- 





— 





oO) Vala) — fee) 


Let 6 be the smaller of the two numbers 8’” and 6’””’. Since 
(6) holds for any value of x on 2; — 6, 2; + 8’ it holds for x = z;. 
Hence if the N;’ of (7) is chosen as the N;,’ of (6) it follows 
from (7) that for every NV,’ > Ni’ 


| Ny" 


2, Unlz) — fz) | < 36, 


provided |x — 2,|6. That is >> U,(z) is uniformly conver- 
n=0 
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gent on the interval x — 6, x +4, or on that part of such 
interval which is an ab. In this manner for every point 2; 
on ab we obtain an interval of which z; is an internal point 
(unless 2; is a or b, in which case 2; is the end point of such 


interval) on which : U,(2) is uniformly convergent. 


By the isles Ren: theorem* there is a finite subset of these 
intervals which completely covers the interval ab. Hence it 
follows by obvious considerations that >> U,(zx) is uniformly 

n=0 


continuous on the interval ab. 


CoLumBIA UNIVERSITY, 
February 1, 1911. 





PROJECTIVE GEOMETRY. 


Projective Geometry. By OswaLp VEBLEN and JoHN WESLEY 

Younc. Volume I. Ginn and Company, Boston, 1910. 

x + 342 pp. 

In discussing this book, two facts must be constantly borne 
in mind: the authors knew exactly what they wanted to do, and 
they were entirely competent to do it. Here is no question of 
a slovenly work, compiled with no visible object, differing from 
an honorable line of progenitors only in the smallest details. 
The book is eminently one with a consistent purpose. Agree 
with the authors you may not; but if you do not fully enter 
into their point of view, you will come off second best in the 
argument. 

The authors’ main object is to build up projective geom- 
etry upon a system of independent axioms. Such a task 
is, certainly, not new. The names of Pieri, Vahlen, Schur, 
and others suggest themselves immediately when the question 
of projective assumptions is raised. Nor is there even any 
novelty in writing a students’ textbook which starts from the 
ground. We have such a book already in the beautiful treatise 
of Enriques, and, in fact, we may almost say that this is the 





* This natin may oe stated as follows: If on an interval ab thereisa 
set of intervals [c] such that (1) the points aand b are end points of intervals 
of the set [¢]; (2) every point of the interval ab lies within at least one 
interval of {c]; then there is a finite subset o,, ... ,o« of the set [o] 
which satisfy (1) and (2) of the hypothesis. 
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standard way to write a textbook of projective geometry today. 
No, the novelty consists in the set of axioms which the authors 
have used. These are equally serviceable for a geometry of a 
finite number of points, a rational geometry, a three-dimensional 
continuum, or a complex continuum of three dimensions, and 
doubtless other forms of continua and discontinua. 

The generality and high scientific interest of such a procedure 
are immediately evident. Heretofore the usual way has been 
to set up a system of assumptions sufficient and suitable for the 
real domain. So long a time elapses between the axiom stage 
and that where complex quantities are introduced that it does 
not occur to the student to ask whether the introduction of the 
new elements calls for a revision of the postulates or not. For 
instance, we assume that on any straight line we may find two 
distinct points whose distances from a given point are congruent 
to the distance of any two distinct points AB.* What happens 
in the imaginary domain when AB is null? 

All such mishaps are avoided by the method adopted by 
our authors. There is nothing said which must later be unsaid, 
no assumption made which must later be discarded. At the be- 
ginning of each chapter we learn exactly what assumptions are 
needed for all of the theorems in that chapter; one or another 
assumption may. not be needed, none is ever contradicted. 

Such a proceeding is certainly attractive. With a minimum 
of assumptions, we have a maximum of generality. The com- 
plex domain is not a spirit world in which dwells the ghost that 
accompanies Steiner’s quartic surface, but a larger ambient in 
which the real isimmersed. But in mathematics, as everywhere 
else, the law of compensation holds. One can rot obtain great 
results except at a great price, and the authors have paid a 
great price for the advantages obtained: they have sacrificed 
all that is specially characteristic of the real domain. Opinions 
will differ on the wisdom of such a bargain; in our judgment 
they have secured their gain at too great cost. Involutions 
appear on page 102, but from cover to cover no word as to the 
distinction between elliptic and hyperbolic. From page 109 
onward the conic is continually in evidence, the words ellipse, 
hyperbola, parabola never occur. There is no way of knowing 
whether a coplanar line and conic intersect or not. Scientific- 
ally all this is a trivial matter, in higher mathematics the 





* Hilbert’s axiom, IV, 1. 
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complex is on all fours with the real; but didactically it 
is momentous. The geometry with which we begin life, the 
geometry of intuition, the geometry of Euclid, is the geometry 
of the real continuum; it takes years of arduous training before 
the student can really think in any other terms, so long, that is, 
as he is doing geometry, and not merely formal algebra. Is it 
wise so far to discard psychology and historical tradition in 
founding projective geometry? 

The loss of the real domain is most keenly felt in the 
exercises, as there is no possibility of fruitful application of 
the methods developed to metrical theorems. Who that has 
taught projective geometry does not know what a sense of 
satisfaction comes over a class when they find a metrical 
theorem coming out of a projective one? They feel as if 
something familiar and concrete, almost practical, were emerg- 
ing from that which had previously been abstract and re- 
mote. The student will be interested in the theorem (page 
119) that if the vertices of two triangles lie on a conic, their 
sides touch another conic, and conversely. But he will be much 
more interested to find that if a triangle be circumscribed to a 
parabola, the circumscribed circle of the triangle passes through 
the focus of the parabola and, hence, that the circles circum- 
scribing the four triangles formed by four lines are concurrent. 
A wide-awake student will be struck with the generality of 
Desargues’ theorem (page 127), or its dual, whereby the pairs 
of tangents from any point to conics touching four lines, form 
pairs of an involution. Still more will he be pleased when he 
sees that the whole theory of confocal conics is deducible from 
this, or learns the Gauss-Bodenmiller theorem whereby the 
circles on the diagonals of a complete quadrilateral as diameters 
are coaxal. All of the best recent text books of projective 
geometry, Reye, Cremona, Russell, Enriques, Béger, agree on 
this didactic principle; even our authors go so far as to say 
(page iv) that the teacher who wishes for metrical applications 
may pass directly from Chapter VIII to the second volume. 
But the student who has mastered 235 pages of this volume 
will stand far less in need of metrical applications than his 
less fortunate brother who is at the beginning. 

One other ground for postponing continuity and the real 
domain is offered by the authors (page iii) where they suggest 
that the study is too difficult and delicate for the beginner. ‘‘It 
will be found that the theorems selected on this basis of logical 
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simplicity, are also elementary in the sense of being easily com- 
prehended, and often used.” Very well, how do we prove that 
a straight line and a conic in the same plane must intersect? 
We need proposition K2, which is made to depend on K, 
(page 255) proved at the end of Chapter IX: “ If a,",a,', --- are 
a finite number of binary homogeneous forms, whose coefficients 
are proper in a space S which satisfies assumptions AEP, there 
exists a space S’, of which S is a sub-space, in the number system 
of which each of these forms is a product of linear factors.” 

We are not familiar with any treatment of continuity (not 
even the Heine-Borel theorem) whose essence seems to us so 
difficult to grasp as this. Moreover, we think that the question 
of the difficulty of the principle of continuity is a little beside 
the point. Students who take up the book before us are, pre- 
sumably, just at that stage where a sound grasp of this principle 
is vital to further progress. We might well write over the doors 
of our graduate class-rooms for mathematics, a paraphrase of 
the motto which Plato is reputed to have placed over the door 
of the Academy 

‘*Let no one ignorant of continuity presume to enter here.” 

We must not, of course, object if someone write below the 
equally famous 

‘*Lasciate ogni speranza, voi che entrate.” 

No, we differ fundamentally from the present authors. We 
believe that the starting point of geometry, scientifically and 
didactically, should be the real continuum. So Enriques has 
started in the text-book already quoted. The complex domain 
rests on a convenient fiction whereby we employ the terminology 
of n dimensions to the study of 2n dimensions. A thorough study 
of continuity, which can be admirably given in projective geom- 
etry by starting from the idea of separation, is of primary 
importance to every graduate mathematical student, and should 
on no account be postponed. 

There is a second general feature of the present book on 
which we dwell with unreserved satisfaction, the introduction 
of both algebraic and geometric methods. In the past there 
has been a very marked cleavage between two different schools 
of projective geometers. On the one hand we have the disciples 
of Chasles, Steiner, and von Staudt, purists, who treat an 
algebraic proof as an unseemly intrusion into the beautiful 
mansion of geometry. Their position was well expressed by the 
late Mr. Lachlan (Preface to his Modern Pure Geometry): 
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‘*Tn fact it might well be taken as an axiom, based on experience, 
that every geometric theorem admits of a simple and direct 
proof, based on the principles of pure geometry.” Over against 
these we have the school of formalists, now happily dwindling, 
who burn incense to syzygies and symbolic identities, regardless 
of how much or little geometric interest they may have. The 
advanced student may freely enroll himself in either of these 
schools, if he so choose; the beginner should have both the 
algebraic and the geometric point of view continually before 
him. We are not familiar with any other book on projective 
geometry (not based on metrical assumptions) which has at- 
tempted to meet this important need. We only regret that 
the authors have not found it possible to introduce algebraic 
methods earlier into their scheme, and to carry the geometric 
and algebraic treatment of conics, collineations, etc., forward 
together. Let us mention also in this connection that the book 
has a greater wealth of suitable exercises for the student than 
any other with which we are familiar, with the single exception 
of Russell’s Pure Geometry. 

One or two more general remarks. The style is, for the most 
part, fresh and vigorous. Even Jove will nod. On page-36 
the authors take an cbsolutely indecent pleasure in projecting 
points and lines onto planes; on page 224 we learn that 4A’ is 
a conjugate pair. The general effect is clear and agreeable. 
The figures, on the other hand seem to us occasionally messy 
and unattractive. Such a figure as No. 19—two quadrangles 
whose corresponding pairs of sides are concurrent on a given 
line—suffers not a little by comparison with the corresponding 
figure No. 15 in Reye’s Geometrie der Lage. Otherwise, the 
book is singularly attractive in appearance, and free from typo- 
graphical errors. 

Our book starts off with an introductory chapter dealing 
with general principles concerning the use of undefined elements, 
unproved propositions, etc. Simple examples are given of 
axiom systems which are seen to be consistent and independent. 
The authors know very well what they are about, and the 
whole discussion is luminous. Unfortunately the chapter is 
marred by a slip, the worst in the book. In attempting to 
show how the point, line, and plane at infinity come in naturally 
to complete our geometry, the usual cartesian coérdinates are 
mentioned. We then learn (page 9) ‘‘If the numbers are real 
numbers, we are dealing with the ordinary “real” space; if they 
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are complex numbers, we are dealing with the ordinary “com- 
plex” space of three dimensions. The following discussion ap- 
plies to either case.” Then, on the following page, ‘‘ Now the 
points (2, y, z) with the exception of (0, 0, 0) may also be denoted 
by the direction cosines of the line joining the point to the origin 
of coordinates, and by the distance of the point from the origin, 
say by (I, m,n, 1/d).” This statement is neither grammatically 
correct nor mathematically accurate, for there are 0? points 
for which d = 0. A reader finding such a mistake at the outset 
might well expect a looseness of statement throughout, and be 
unfairly prejudiced against the book in consequence. 

In Chapter I we make a fair start into the theorems of align- 
ment, and the principle of duality. The fundamental objects are 
points and classes of points called lines. We have the necessary 
assumptions and existence theorems, the plane is built up on a 
triangular frame, the space on a tetrahedral one. It is a little 
hard at first to become used to the idea of a point being on a 
plane, while the plane is, at the same time, on the point. The 
use of this locution (for which the authors give the credit to 
Professor Morley) is amply justified however, for it enables 
them to make the best statement of the principle of duality 
with which we are familiar. The chapter ends with an excellent 
system of assumptions for the projective geometry of n dimen- 
sions,—or rather should end there. Actually the last thing is 
this exercise: ‘‘State the assumptions of extension. by which to 
replace E, and E,’ for a space of an infinite number of dimen- 
sions. Make use of transfinite numbers.” We are told in a 
note that exercises such as this, which are marked with an 
asterisk, are of a more advanced or difficult character. We are 
glad to note very few such exercises in the book. 

Chapter IT continues the same order of ideas as are introduced 
in Chapter I, and is largely devoted to configurations. Desar- 
gues’s theorem on perspective triangles is, of course, funda- 
mental for this. A ‘‘configuration,” by the way, is an as- 
semblage of points, lines, and planes, wherein each element of 
one sort is on a constant number of elements of each of the 
other sorts. These numbers may be arranged in a square 
matrix, which is taken to symbolize the configuration. We have 
an impression that many of the results of this chapter, which 
would be fundamental in the study of finite collineation groups 
may appear a little dull to the beginner, but we speak here from 
personal prejudice rather than from settled conviction. On 
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page 45 is a little axiom which may strike the reader as suprising. 
“ The diagonal points of a complete quadrangle are not collinear.” 
One has an instinctive idea that such a theorem is capable of 
proof by means of the other assumptions, but nothing is less 
reliable than our instinctive ideas on such matters. A rigorous 
proof may be found, based on the concept of separation.* A 
good part of the present book is independent of this assumption. 
The third chapter is given to the study of projectivities. 
The authors have here cut loose from the von Staudt school where 
the quadrangle theorem is immediately followed by the study of 
harmonic separation. They, like Cremona and Béger, but unlike 
Reye and Enriques, define as projective two one-dimensional 
fundamental forms which may be connected by a finite num- 
ber of projections and sections. The von Staudt definition 
whereby projectivity depends upon one to one correspondence, 
with a correspondence of harmonic elements is equivalent to 
this in the real domain, but not in the complex one (as the 
authors very well know), and so finds no place. So too, in two 
dimensions they distinguish between a collineation between 
two planes, a one to one correspondence point to point, and 
point range to point range, and a projective collineation, where 
to the above is added the requirement that corresponding point 
ranges shall be projective. Once more in the real domain col- 
lineation and projective collineation are identical, not in the 
complex one. The classic example is the transformation (which 
the authors would call a non-projective collineation but is more 
commonly known as an anticollineation), where each point is 
carried into its conjugate imaginary. Another commendable 
feature of the present chapter is that after a short discussion 
of the abstract concept of a group, the authors take up with 
some care the group of one-dimensional projectivities. It is not 
a little curious that previous writers of text-books on projective 
geometry have so calmly neglected this important topic. 
Chapter IV is a natural continuation of Chapter III and opens 
with a discussion of harmonic sets. A new and important con- 
cept is introduced in the idea of nets of rationality. The as- 
semblage of all points collinear with three given collinear points, 
and obtainable from them by a finite number of harmonic con- 
structions, is called the net of rationality of the first three. We 
have corresponding point assemblages in two and three dimen- 
sions, the discussion of the latter (pages 89-93) seems to us 





* Conf. Enriques, “‘Geometria Proiettiva,’”’ p. 59. 
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somewhat unnecessarily difficult. The underlying idea is im- 
portant, and is an excellent innovation in the present book. 
This same chapter leads us also to the fundamental theorem 
of projective geometry. Suppose that we have two projective 
one-dimensional fundamental forms (point ranges, linear pencils, 
etc.) with three elements self-corresponding, every element of 
the net of rationality of those three is self-corresponding, as 
may be immediately shown. The fundamental theorem (here 
assumption P) tells us that every element is self-corresponding. 
There are proofs in plenty of this theorem (Vahlen, Enriques, 
etc.) based on axioms of continuity, but the present authors 
have no such axiom in this first volume, and they have evolved 
beyond the intuitive proofs which satisfy Reye and Béger, so 
they adopt the natural alternative of taking it as an unproved 
assumption. The chapter closes with a short account of involu- 
tions, and a classification of two-dimensional collineations, based 
upon the discussion of the fixed elements. 

Chapter V introduces the point conic, the line conic, and the 
conic ‘‘iiberhaupt” which is conceived as a one-parameter 
assemblage of point-line unions. The treatment follows some- 
what closely that of Reye. Conics are first defined by means 
of projective pencils and ranges; Pascal and Brianchon then 
enter hand in hand, and furnish the basis for the study of the 
polar system. It is interesting to compare this, the Steiner 
method, with that of von Staudt which consists in beginning 
with the polar system, and defining the conic by means of the 
points which lie on their polar lines. The question as to which 
method is finally the best is not capable of categorical answer. 
The Steiner method gives at once a way of constructing as many 
points of a conic as we please. Moreover the conic is probably 
the most interesting figure of all to the beginner, and Steiner 
leads us to it in the shortest time. Our authors reach the conic 
on page 108, Reye, who does not bother his head about axioms, 
brings conics in on page 66; in Enriques, the best book on the 
von Staudt plan, 202 long pages must pass before conics are 
reached. On the other hand by the von Staudt definition conic 
and polar system come in together, so that the polar properties 
are an immediate consequence of the definition; the same is 
true of the equation of the conic, which may be written im- 
mediately from that of the correlation, and the procedure works 
equally easily in any number of dimensions. However, we 
digress. The comparison of these two methods, interesting as 
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it may be in itself, has no particular bearing on the present book, 
at least in its present order. The authors pass over another 
one hundred forty pages before taking up the question of the 
double points of an involution. Consequently, had they chosen 
the von Staudt definition, there would have been absolutely 
no way of telling whether a conic had any points or not. The 
latter part of the chapter goes to Desargues’ involution theorem, 
and to pairs of conics. There is a certain vagueness in the 
statement of the former which should be remedied. We read 
(page 129) ‘‘ Any line, not through a vertex of the determining 
quadrangle, is met by the conics of a pencil of Type I in the pairs 
of an involution.” Now as this sentence stands, it says em- 
phatically that every line in the plane of a conic will meet that 
conic at ledst once, an admission which the authors have no 
wish to make at present. What they mean is that those conics 
of the pencil which meet the line do so in pairs of an involution. 

An important change comes over the face of the book with 
Chapter VI, where the algebraic treatment begins. We start 
with two single-valued operations on pairs of the points of a 
line called addition and multiplication. These are shown to be 
commutative, distributive, and associative. This premised, 
let us turn to arithmetic. The element here is called a number. 
It is not requisite that a number should be a class of classes, or 
a recognizable graphical symbol; what is important is that the 
assemblage of numbers should be subject to two operations © 
and © which follow the five laws mentioned above. The content 
of the class is quite immaterial, the essential thing is the nature 
of the laws of association of the members of the class, or of 
their symbolic representations on paper. Suppose, now, that 
every point on a line, except a poor scape-goat called P_, be 
represented symbolically by a finite number of pen-strokes. If 
we take z and y to stand for two such representations we may 
replace the symbol for the sum of the corresponding points by 
x + y and that for the product of the points by zy. 

This we believe to be the essence of the abstract isomorphism 
of point range and number field developed in the present chap- 
ter. One or.two remarks may not be amiss. To begin with it 
is extremely abstract. The student learns at school that a point 
is that which has position and no magnitude. When in more 
advanced work he learns that the meaning of the word point 
is a variable rather than a constant, and in his projective 
geometry, as here studied, he finds no one cares exactly what a 
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point may be, he will be rudely shaken. When he is told in 
the present chapter that the same vagueness hangs about the 
meaning of the word number, he is lucky if he retain any faith 
at all in God or man. It is probable therefore, that the student 
will have to go very slowly over all this ground, until the new 
and very strange ideas are so thoroughly familiar, that he can 
restate them in his own words; such at any rate was the case 
with the reviewer. We wonder, secondly, whether there is not 
another unproved assumption lurking somewhere in the idea 
that every point on a line may be represented on paper by some 
recognizable symbol. But here we see the Burali-Forti paradox 
lurking in ambush, and hasten on to safer ground. 

When the correspondence of points on a line and numbers has 
been established, the whole algebraic apparatus may be set 
up in short order. Every point on the line has a coordinate, 
even P,, is welcomed by using homogeneous coordinates. The 
value of the cross ratio ABCD is defined as x when 


ABCD x P.,PoP,P:. 


A linear transformation of the coordinates will give a projective 
transformation of the line. These algebraic relations are easily 
extended to the plane (Chapter VII) and to space. Starting 
with two fundamental points in the plane, every point thereof 
not collinear with them has two definite coordinates, dependent 
on the cross ratios of quartets of lines through the fundamental 
points; a corresponding, though more elaborate, scaffolding will 
give three coordinates for points in space. We feel that the 
handling of this part of the subject is somewhat lacking in 
grace. Non-homogeneous point coordinates are never subse- 
quently used, and might as well be omitted. The treatment 
of homogeneous coordinates seems less elegant than that given 
long ago in Pasch’s ‘‘ Neuere Geometrie.” 

We are not yet, by any means, through with one-dimensional 
projectivities. They return in force in Chapter VIII. We 
learn that projectivities with common fixed points are commuta- 
tive. Then comes an elaborate discussion of projectivities and 
involutions on a conic, including the important theorem (page 
220) ‘‘The group of projective collineations in a plane leaving a 
non-degenerate conic invariant is simply isomorphic with the 
general projective group of a line.” The whole chapter is full 
of interesting and valuable material, we only regret that the 
algebraic aspect of projective transformations is not brought 
into closer relation with the geometric discussion. 
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In Chapter IX we reach two new and important ideas, the 
degree of a geometrical problem and invariance. The authors 
acknowledge (page 237) considerable indebtedness to Castel- 
nuovo for the treatment of the first of these topics. Whatever 
the source, the result is admirable. 

But now if we are to do any problems except those of the 
first degree, we must have some circumstances under which we 
are sure that a line will intersect a conic. The authors take 
the fatal plunge in proposition K», ‘‘lf any finite number of 
involutions are given in a space § satisfying assumptions AEP, 
there exist a space S’, of which S is a sub-space, such that all the 
given involutions have double points in S’.” 

This is a special case of proposition K, already discussed. 
We fear that some students may find the proof of the latter 
difficult to follow; if they do not, they are more fortunate than 
the reviewer. We have already dwelt sufficiently upon the 
general aspects of this theorem, we therefore drop it with the 
remark that it gives us no light whatever on the question as to 
whether a conic and line intersect in S or not. 

A third and last discussion of two dimensional collineations 
appears in Chapter X with a complete classification by means 
of elementary divisors. It is not made perfectly clear why 
distinct roots of the characteristic equation might not give the 
same double point in the collineation, although the proof is 
very easy. Correlations come in besides collineations, and re- 
ceive an adequate algebraic treatment. There is a careful dis- 
cussion of two-dimensional polar systems, and the chapter ends 
with a complete classification of pairs of conics. Let us repeat 
for the last time our regret that this clear and satisfactory 
algebraic handling is so far removed from the corresponding 
geometric one. 

The concluding Chapter XI deals with systems of lines. Here 
we are frankly disappointed, except with the first and last sixths 
of the work. After a good discussion of the regulus we have 
(page 304): 

‘*The lines joining corresponding points on two projective 
conics in different planes form a regulus, provided the conics 
determine the same involution I of conjugate points on the 
line of intersection / of the two planes, and provided the collinea- 
tion between the two planes determined by the correspondence 
of the conics transforms / into itself by a projectivity to which 
I belongs.” 
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The various ‘‘ provideds” here mean that the two conics have 
two common points in the great space S’, and these correspond 
to themselves in the projectivity. But like many a man who 
does not care to reflect on his future state, the authors prefer 
‘*One world at a time” and only use S’ when they are driven to. 
Is it worth while to give at all a theorem whose statement is so 
long, and whose proof, with two corollaries covers six pages of 
text? The remainder of the geometrical part of the chapter 
hangs on the following definition (page 311): 

“*If two lines are coplanar, the lines of the flat pencil con- 
necting them both are said to be linearly dependent on them. 
If two lines are skew, the only lines linearly dependent on them 
are themselves. On three skew lines are linearly dependent 
all the lines of the regulus of which they are rulers. If l,, h, 
--+, |, are any number of lines and m, ---, m: are such lines 
that m is linearly dependent on two or three of the lines |, b, 
--+, 1,, me is linearly dependent on two or three of the lines 
l,, b, «++, ln, mi, and so on, m: being linearly dependent on two 
or three of the lines 1), 2, ---, 1, mi, mo, --+, Mea, then m; is 
said to be linearly dependent on the lines l,, b, ---,1,. A set 
of n lines no one of which is linearly dependent on the others 
are said to be linearly independent.” 

What the authors here mean is that lines shall be defined as 
linearly dependent when there is linear dependence among their 
Pliicker coordinates. The reader, however, in facing this 
definition, is in the position of Pascal, who, in one of his 
inimitable “Lettres 4 un Provincial,” thus speaks of a theo- 
logical term, used by his adversaries: “Je fixai ce mét dans ma 
mémoire, car ¢a ne réprésenta rien 4 mon intelligence.” The 
whole treatment of linear complexes and congruences is built 
on this basis (instead of on the null system which enters so 
naturally under correlations). 

We have criticised this book freely; in our opinion no teacher 
should use it who is not sure enough of his ground to be willing 
to disagree with the authors on many points. But let no one 
criticise who is not able to recognise therein a fine piece of 
American scholarship. 

JuLtraN LowELL Coo.ipceE. 
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SHORTER NOTICES. 


Diophantus of Alexandria. A Study in the History of Greek 
Algebra. By Sir THomas L. Heatu. Second Edition. 
Cambridge, University Press, 1910. vi + 387 pp. 


TuE edition of 1885 has been modified to such an extent that 
the present edition is in effect a new work. Most of the intro- 
ductory chapters have been entirely rewritten. The account 
of the Arithmetica is fuller and a more literal translation of the 
original; the critical text by Tannery (Teubner, 1893, 1895) 
has been drawn upon to remove the former obscurity of certain 
passages. 

The first edition paid little attention to the very important 
annotations by Fermat upon his copy of Bachet’s edition (1621) 
of Diophantus. This deficiency has been remedied in the pres- 
ent work, which gives also much material selected from the 
correspondence of Fermat (Oeuvres, Paris, 1891-1896). Var- 
ious investigations by Euler relating more or less closely to the 
problems discussed in the Arithmetica are given either as foot- 
notes or in the final chapter, which devotes 52 pages to solutions 
by Euler. These extensive additions enable the reader to see 
in a concrete manner the influence which the work of Diophantus 
has had upon the development of the theory of numbers. Dio- 
phantus originated the theory of indeterminate equations; but 
in their solution he imposed the same limitations as in the case 
of determinate equations, requiring positive rational solutions. 
The restriction to integral solutions was made only in special 
cases, so that the present day designation of Diophantine equa- 
tions is a misnomer. 

It is stated on page 107 that “it is not probable that Dio- 
phantus was aware that prime numbers of the form 4n + 1 and 
numbers arising from the multiplication of such numbers are 
the only classes of numbers which are always the sum of two 
squares.” A factor 2* may also be present. 

On page 108 Heath states that we must credit Diophantus 
with the knowledge that no number of the form 8n + 7 can be 
the sum of three squares. This is an illogical inference from 
the statement of Diophantus to the effect that no number of the 
form 3a + 1, where a = 8k + 2, is the sum of three squares; 
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Diophantus makes no statement whatever about numbers of 
the forms 24n + 15, 24n + 23. 

The limit to the numbers for which Bachet verified that each 
is the sum of at most four squares is stated to be 120 on page 110 
and to be 325 on page 188. 

On page 293, line 13 from bottom, Fermat is quoted as saying, 
**But both these squares can be shown to be smaller than the 
squares: --,” whereas the translation should be, ‘‘ But the sum 
of these two squares can be shown to be smaller than that of 
the first two---” (Oeuvres, 3, page 272). The former reading 
would change the nature of the proof, and is moreover not in 
accord with the next sentences of the quotation. The same 
incorrect version occurs in the first footnote on page 295, in 
which Heath points out that Zeuthen changed (in another 
manner) the reasoning of Fermat. 

While in the first edition the numbering of the problems in 
each book of the Arithmetica was in accord with the usage of 
other writers, this is unfortunately not the case with the present 
edition. Sections which give lemmas needed in subsequent 
sections are left unnumbered (and so in effect fall into the ir- 
relevant earlier sections). While it is certainly desirable to 
have the heading which indicates this fact that the section is a 
lemma to a later section, the omission of a number for the section 
is a defect. But of course the chief objection is the lack of 
uniformity with established usage, which lessens the value of 
the work as a reference book. In histories of mathematics and 
in texts on the theory of numbers there occur references to the 
comments by Bachet or Fermat on Diophantus IV, 20, for 
example. Changes in the standard numbering are most un- 
fortunate. 

It was only after a careful examination that the reviewer was 
able to locate these few defects. It is obvious that the book is 
the outcome of a great amount of careful investigation on the 
part of an expert on the earlier and later history of mathe- 
matics. The result is an attractive and trustworthy account 
of the work of Diophantus and a comprehensive analysis of its 
historical setting and its influence upon the subsequent develop- 
ment of algebra and the theory of numbers. 


L. E. Dickson. 
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Notice sur le Systéme des six Coordonnées homogénes d’une Droite 
et sur les Eléments de la Théorie des Complexes linéaires. Par 
A. Sérértran. Lausanne, A. Déneréaz-Spengler et Cie., 
1910. 79 pp. 


To quote from the preface: “At the end of the introduction 
to his work Statique graphique, Professor Mayor supposes 
the reader familiar with line coordinates and the theory of the 
linear line complex. The present work develops this theory 
and has for aim the preparation of the reader to read prof- 
itably Professor Mayor’s book.” 

A point (2, y, z) and the direction cosines (X, Y, Z) of a line 
through it uniquely fix the latter. The projections (L, M, N) of 
the moments L=yZ—zY, etc., upon the coordinate planes 
furnish three further equations, from which 2, y, z can be 
replaced by L,-M, N. The six larger letters are the coordi- 
nates under discussion. Various theorems are now developed 
regarding relations between vectors and their projections, all 
results being expressed in terms of the coordinates. 

The moment of two vectors is derived; it vanishes when the 
lines defining the vectors intersect. Linear systems are con- 
sidered, pencils, bundles, reguli, all of them in vector language 
and, in part, vector notation. The moment of two linear 
systems furnishes a natural introduction to the concept of the 
linear complex. The ideas developed are polarity, conjugate 
lines, condition for involution, and the invariance of the an- 
harmonic ratio under linear point transformations and duality. 
Finally, various points of contact with Professor Mayor’s 
book are pointed out. The work does not pretend to be a 
mathematical contribution, but to contain a mechanical inter- 
pretation of well-known ideas, without any of the purely 


geometric applications. Viren SNYDER. 


Theoretical Mechanics. By Percey F. Smiru, and WILLIAM 
Raymonp LoncGitey. Boston, Ginn and Company, 1910. 
288 pp. 


Tuis is an attractive volume of 288 pages in a binding similar 
to the other mathematical texts edited by Professor Smith. 
The pages have a neat appearance, the size of type and spacing 
being excellent, and the numerous diagrams throughout the 
book could scarcely be improved. 

From the preface one learns that the text is intended pri- 
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marily for the mathematical student and a perusal of the 
volume confirms the statement. The analytic side of the 
subject is kept constantly in the foreground while the geometric 
or intuitional side is wholly in the background. Thus the 
mathematical student will find here an excellent field for 
applying the ideas which he gathered in the calculus. Integrals 
of various kinds and differential equations of certain types are 
abundantly in evidence. 

The subject matter of the volume is almost exclusively 
dynamics and it would seem that “Analytical dynamics” 
would have been a more accurate title than “Theoretical 
mechanics.” Of the thirteen chapters eight deal with the 
motion of a particle or a system of particles, one with the 
motion of a rigid body and two with work and energy. Thus 
with the exception of the first and last chapters the entire book 
is devoted to kinematics and dynamics. 

The first chapter is devoted to the integrals arising in the 
computation of centers of gravity, moments of mass, and 
moments of inertia. The authors make the point that a student 
fresh from the study of the integral calculus can dispose of these 
integrals before the real study of mechanics is begun. From 
a purely mathematical point of view this is true, for one can 
evaluate a set of integrals quite independently of whether or 
not there is any physical concept underlying them. From a 
mechanical point of view, however, it is not true, for the under- 
lying physical concept is the main point. It is rather awkward 
to open a book with a reference to future chapters, and “The 
student is asked to accept these formulas as definitions” has 
quite the flavor of an apology. If this first chapter were the 
last chapter in a text-book of calculus the necessity for this 
would be apparent, but to be compelled to apologize for a lack 
of mechanical ideas in a text-book on mechanics merely shows 
that the subject matter of the chapter should not be at the 
beginning of the book. It is in the wrong place. 

The second chapter takes up the subject of the motion of a 
point along a straight line. In the third chapter, on the 
curvilinear motion of a point, the conception of vectors is 
introduced and a very good discussion is given. The fourth 
chapter introduces the conception of force. The first of 
Newton’s laws of motion is stated, the second is described, while 
the third is reserved for the following chapter. The description 
of the second law is not accurate. It says “change in momen- 
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tum is caused by forces acting upon the body,” and again 
“Force is therefore the cause of acceleration.” As a matter of 
fact, Newton’s second law says nothing about causation. It 
merely defines what is to be understood by “force” and how 
it is measured.* Axioms I and II, page 100, were considered by 
Newton as corollaries to the second law and not as independent 
axioms. In the fifth chapter, entitled “ Work, energy, impulse,” 
one finds a short discussion of constrained motion which requires 
the statement of Newton’s third law. This subject seems to 
belong rather to the preceding chapter. Had it been placed 
there the three laws of motion could have been brought together 
and their fundamental importance in mechanics properly 
emphasized. 

Chapters six, seven, eight, and nine deal respectively with 
motion under constant forces, central forces, harmonic motion, 
and motion in‘a resisting medium. These chapters are well 
written. Chapter ten, on the potential and potential energy, 
is short but clear. One would rather expect chapter eleven, 
on systems of material particles, to contain an application 
of the potential, but such is not the case. The idea of the 
potential is developed but is left barren. The twelfth chapter, 
on dynamics of rigid bodies, contains a relatively small number 
of theorems and a relatively large number of problems. Indeed 
we find nine pages of text and six pages of problems. 

Chapter thirteen, the last chapter in the book, contains a 
few theorems in statics. It is wholly inadequate. Its de- 
ficiency in this respect is well illustrated by the fact that so 
important a concept as a couple is nowhere mentioned. Perhaps 
the reason for this scant treatment of statics is the fact that 
statics does not lend itself to such beautiful mathematical 
developments as does the subject of dynamics. A mathe- 
matical student seeking exercise for his mathematical faculties 
and material for his mathematical ideas will find in this book 
a selection of topics well suited to him and a superabundance 
of problems. But a student of mechanics or physics who is 
interested in obtaining a concrete hold on mechanical principles 





*On this point Poincaré has made the following remark: “Quand on 
dit que la force est la cause d’un mouvement, on fait de la métaphysique, 
et cette définition, si l’on devait s’en contenter, serait absolument stérile. 
Pour qu’une définition puisse servir 4 5 chose, il faut qu’elle nous 
apprenne a mesurer la force; cela suffit d’ailleurs, il n’est nullement neces- 
saire qu’elle nous apprenne ce que c’est que la force en soi, ni si elle est la 
cause ou l’effet du mouvement.” La Science et l’Hypothése, p. 120. 
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and is not interested in the mere mathematics of the subject 
will probably find the book unsuitable. 

Some misprints have been noted, but they seem to be few. 
The footnote on page 99, “A finite periodic function of the time 
must have the form A sin (bt+v) or A cos (bt+v), where A, 
b and » are constants,” is a decidedly curious statement. 

W. D. MacMitian. 


Die partiellen Differentialgleichungen der mathematischen Physik. 
Nach Riemann’s Vorlesungen in fiinfter Auflage bearbeitet 
von Hernrich WeBER. Erster Band. Braunschweig, Vie- 
weg und Sohn, 1910. xviii+528 pp. Unbound, M. 12 
bound, M. 13.60. 


TuE earlier editions of this work have won for themselves 
an important place in every mathematical library, where they 
are .requently consulted both as reference books and for more 
consecutive reading supplementary to courses on mathematical 
physics. They have thus become so well known that an ex- 
tensive review of the volume before us would be superfluous. 
Professor J. S. Ames has ably reviewed the fourth edition in 
this BULLETIN (volume 8, page 81). The following comment 
will therefore be limited to a comparison of the fourth and fifth 
editions. 

In the preface to the fifth edition, Professor Weber remarks 
that some of the developments of mathematical physics during 
the past decade have been too significant to leave unmentioned, 
and that although they have not been carried sufficiently far 
to permit of finished exposition in a text-book, they should re- 
ceive some attention in the pages to follow. He speaks of 
integral equations and the notion of relativity as two of the 
more important contributions made to the science since his last 
edition in 1900, and promises an application of the first in the 
present volume. The failure to find any satisfactory fulfillment 
of this promise will be the reader’s greatest disappointment. 
In its place there appears a brief exposition of Neumann’s 
method of the arithmetic mean, with the old assumption of a 
convex surface, a condition made unnecessary by the use of 
integral equations. A suggestion is indeed given for the re- 
moval of this restriction, but it is not developed further, and 
appears inadequate. It is not even pointed out that an in- 
tegral equation is being solved, whereas, as Professor Mason 
has shown in his New Haven Colloquium lectures, Neumann’s 
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method admits a beautiful treatment in the garb of integral 
equations. A general outline of the theory of integral equations, 
sufficient for the purposes in hand, and quite in keeping with 
the character of the book, could have been given in a half 
dozen pages, and would have abbreviated the solution of the 
electrostatic problem which follows. A reference to Plemelj’s 
monographs on the theory and its application to physical prob- 
lems (Monatshefte fiir Mathematik und Physik, voiume 15) 
would have been well in place. 

The new edition has been freed from several errors occurring 
in the previous one. Two of these should be mentioned. The 
conditions that a function may be represented by a Fourier 
integral were incorrectly stated (4th edition, page 40). These 
have been corrected, and alternative conditions added. An 
example follows to which none of the criteria apply. It may 
be noted that Pringsheim has recently given broad conditions 
covering Weber’s example (Mathematische Annalen, volume 68, 
pages 405-06). The expression for the potential energy of a 
pair of magnets (pages 366-67) has been corrected. A few 
minor errors have crept in, but their number is gratifyingly 
small. The definition of continuity of a function at infinity 
(5th edition, page 6), which characterizes the function as con- 
tinuous in any finite subregion and as bounded, is unusual, 
to say the least. 

The section on the gamma function will prove a welcome 
addition to the younger reader, and a number of references 
have been added at various points. This, however, is one 
respect in which greater improvement might have been made, 
since there has appeared recently a considerable number of 
excellent monographs and texts which would well supplement 
the briefer expositions of our author. The following additions 
appearing in the new edition have received from the major part 
of a section to a section apiece: Fourier’s integral for several 
variables; the transformation of a differential expression of 
second order from one set of oblique coordinates to another; 
the definition of Bessel’s functions of higher order in terms of 
the preceding ones; the expression of arbitrary functions in 
terms of integrals containing Bessel’s functions; the solution in 
series of the general differential equation of Bessel; the expression 
for the divergence of a vector field in curvilinear coordinates; 
the values of the zonal harmonics for the values 0 and 1 of the 
argument. A whole division (Abschnitt) has been added on 




















1911.] NOTES. 89 


the general electrostatic problem; its first section deals with the 
general properties of Newtonian potentials and would seem to 
belong in an earlier division where these functions were first 
considered. The three remaining sections are devoted to 
the method of the arithmetic mean and Beer’s treatment of the 
equilibrium of a charge on a conductor, with the example of 
the ellipsoid. 

In general the author has been conservative in making changes. 
More valuable additions might have been made in some cases. 
Linear partial differential equations of second order, for instance, 
receive a scant two pages, which give only the device of finding 
particular solutions in the form of exponential functions with 
linear exponents. Undoubtedly the systematic development 
of integral equations and their applications, of the principle of 
relativity, and in all likelihood, of Lebesgue’s theory of in- 
tegration, will make necessary at some future time a book 
treating the same subjects in radically new ways. But for the 
present, and for some time to come, Weber’s book, with its 
origins in Riemann’s lectures, will continue to be indispensable. 
The new edition will find its way into the more complete 
libraries, although for smaller collections the previous one will 
prove wellnigh as useful, if a prediction can be made on the 
basis of the first volume of the new edition. 

O. D. KeEttoee. 


NOTES. 


THE concluding (October) number of volume 34 of the Amer- 
ican Journal of Mathematics contains the following papers: 
“The involutional birational transformation of the plane, of 
order 17,” by Vireit SnyDER; “On the problem of two fixed 
centers and certain of its generalizations,” by A. M. Hitreset- 
TEL; “Abstract definitions of all the substitution groups whose 
degrees do not exceed seven,” by G. A. Mrtier; “ The attrac- 
tion of a homogeneous spherical segment,’ by G. GREENHILL. 


Tue Prince Jablonowski society of Leipzig announces the 
following prize problem: 

“What is the expression of the C. Neumann theorem (Ab- 
handlungen d. k. S. Gesellschaft d. Wissenschafien, 1909) in the 
theory of the Newtonian potential, applied to the oval shaped 
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solid derived from the ellipsoid by the method of reciprocal 
radii? The society desires that this question be answered, if 
not in its most general form, at least for some special case, for 
example, when the given ellipsoid is one of revolution, and the 
center of the transformation (to be carried out by the method 
of reciprocal radii) is at the center of the ellipsoid.” 

The value of the prize is 1,500 marks. Competing memoirs 
should be sent to the secretary of the society under the usual 
conditions before October 31, 1913. 


MassacuuseEtts INstITuTE oF TECHNOLOGY. The following 
advanced courses in mathematics are given during the present 
academic year—By Professor H. W. TyLter: History of the 
mathematical sciences and teaching of elementary mathematics, 
two hours.—By Professor D. P. Barrtett: Theory of proba- 
bility and method of least squares, twenty periods, second half- 
year.—By Professor F.S. Woops: Partial differential equations, 
two hours, first half-year; Elements of the theory of functions 
of a complex variable, two hours, second half-year; Advanced 
geometry, two hours, second half-year.—By Professor F. H. 
Bat.ey: Fourier’s series, Laplace’s coefficients, two hours.—By 
Professor E. B. Wixson: Statistical methods in theoretical phys- 
ics, one hour; Hydrodynamics, twenty periods, first half-year; 
Discrete systems, two hours, first half-year; Continuous media, 
two hours, second half-year—By Professors TyLER, Woops, 
Wison, Greorce: Advanced calculus, two to four hours. 


Tue following courses in mathematics are announced at the 
German universities during the winter semester, 1911-1912: 


University oF Berurn.—By Professor H. A. ScHwarz: 
Elementary geometric derivation of the most important prop- 
erties of conics, two hours; Synthetic geometry, four hours; 
Theory of analytic functions, I, four hours; Colloquium, two 
hours; Seminar, two hours.—By Professor G. FROBENIUS: 
Analytic geometry, four hours; Theory of numbers, four hours; 
Seminar, two hours.—By Professor F. Scuotrxy: Higher al- 
gebraic curves, four hours; Theory of automorphic and polyg- 
onal functions, four hours; Seminar, two hours.—By Pro- 
ressor G. Hettner: Theory of probabilities and of errors of 
observation, two hours.—By Professor J. KNosiaucu: Dif- 
ferential calculus, four hours; with exercises, one hour; Theory 
of elliptic functions, four hours.—By Professor R. LEHMANN- 
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Fixes: Integral calculus, four hours; Determinants, four hours. 
—By Professor I. Scour: Theory of algebraic equations, four 
hours; Theory of functions, II, four hours. 


University oF Bonn.—By Professor E. Stupy: Introduction 
to analytic geometry, four hours; Differential geometry, II, 
two hours; Seminar, two hours.—By Professor F. Lonpon: 
Synthetic geometry, two hours; Differential and integral 
calculus, II, four hours; Seminar, twé hours.—By Professor 
F. Havusporrr: Introduction to the theory of functions, four 
hours; Fourier series and related developments, two hours; 
Seminar, two hours.—By Dr. J. O. Miituer: Algebraic equations 
(Galois’ theory), three hours.—By Professor Pu. Furt- 
WANGLER: Selected chapters of technical mechanics, two hours. 


University oF Brestau.—By Professor R. Sturm: Plane 
analytic geometry, four hours: Geometric relations, II, four 
hours; Seminar, two hours.—By Professor A. KnEser: Elliptic 
functions, four hours; Integral equations, two hours; Seminar, 
two hours.—By Professor. E. Scumipt: Integral calculus, four 
hours; Theory of sets, two hours; Seminar, two hours.—By 
Dr. W. Scunee: Differential geometry, three hours; Selected 
chapters in the theory of numbers, two hours. 


University OF ERLANGEN.—By Professor P. A. Gorpan: 
Theory of numbers, four hours.—By Professor M. NoETHER: 
Plane analytic geometry, four hours; Theory of abelian func- 
tions, four hours; Descriptive geometry, four hours. 


University oF Frerpure: By Professor S. STICKELBERGER: 
Theory of functions, four hours; Higher plane curves, three 
hours; Seminar, two hours.—By Professor L. Herrrer: An- 
alytic geometry of space, four hours; with exercises, one hour; 
Analytic mechanics of connected masses, three hours; Seminar, 
one hour.—By Professor O. Bouza: Introduction to the theory 
of integral equations, two hours; Seminar, two hours.—By 
Professor A. Loewy: Differential calculus, four hours; with 
exercises, one hour; Theory of algebraic equations, II, three 
hours; Seminar, two hours——By Dr. N. Serru: Projective 
geometry, two hours. 


University oF GIEssEN.—By Professor E. Nerro: Higher 
algebra, three hours; Analytic geometry of space, three hours; 
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Seminar, two hours.—By Professor L. ScHLEsIncER: Dif- 
ferential and integral calculus, with exercises, five hours; Theory 
of the logarithmic potential, four hours; Seminar, two hours.— 
By Professor H. GrassMANN: Analytic mechanics, II, four 
hours. 





University oF GdrtTincen.—By Professor F. K.eE1n: 
Introduction to differential and integral calculus, II, four hours; 
Seminar, two hours.—By Professor D. HitBert: Logical foun- 
dations of mathematics, one hour; Mechanics of continua, four 
hours; Seminar, two hours.—By Professor E. Lanpavu: An- 
alytical theory of numbers, four hours; Seminar, two hours.— 
By Professor C. RuncE: Mechanics with exercises, six hours.— 
By Dr. E. Weyu: Determinants, two hours; Advanced theory 
of functions, four hours; Exercises in the calculus, two hours.— 
By Dr. O. Torpuirz: Introduction to the theory of functions, 
four hours; with exercises, two hours.—By Dr. A. Haar: 
Curves and surfaces, four hours.—By Professor F. BrErn- 
STEIN: Calculus of insurance, two hours; Mathematics of sta- 
tistics, three hours.—By Professor W. VorcT: Partial differen- 
tial equations of mathematical physics, four hours. 


UNIVERSITY OF GREIFSWALD.—By Professor F. ENGEL: 
Theory of groups of transformations, II, four hours; Differential 
and integral calculus, I, four hours; Analytic geometry of space, 
two hours; Seminar, two hours.—By T. K. VaH.en: Theory of 
functions, four hours; Kinematics and mechanism, one hour; 
Seminar, two hours.—By Dr. W. BiascuKeE: Analytic mechan- 
ics, II, four hours; Descriptive geometry, with exercises, four 
hours. 


University oF Hatte.—By Professor G. Cantor: Differ- 
ential and integral calculus, I, five hours; Seminar, two hours.— 
By Professor A. WANGERIN: Integral calculus, with exercises, 
four hours; Applications of elliptic functions, two hours; 
spherical trigonometry and geography, two hours; Seminar, 
two hours.—By Professor A. GutzmEr: Ordinary differential 
equations, four hours; Analytic mechanics, four hours; Seminar, 
two hours.—By Professor V. Epernarp: Analytic geometry of 
space, four hours; Colloquium, two hours. 


University or JENA.—By Professor J. Tuomar: Applica- 
tions of the infinitesimal calculus to geometry, five hours.— 
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By Professor L. Haussner: Theory of numbers, four hours; 
Differential and integral calculus, II, five hours; Analytic 
geometry of space, four hours; Proseminar, two hours; Seminar, 
one hour.—By Professor G. Frece: Riemann’s theory of func- 
tions, four hours; Symbolic notation, one hour.—By Dr. M. 
WINKELMANN: Technical mechanics, four hours; with exer- 
cises, one hour; Vector analysis, one hour. 


University oF Krieut.—By Professor L. PocHHamMMER: 
Differential geometry, four hours; Partial differential equations, 
four hours; Seminar, two hours.—By Professor G. LANDSBERG: 
Integral calculus, four hours; Higher algebra, four hours; 
Seminar, two hours.—By Professor M. Dreun: Introduction to 
higher analysis, three hours; Analytic geometry of space, 
four hours; Exercises in applied mathematics, two hours. 


University oF K6nicsBerc.—By Professor W. F. MryEr: 
Integral calculus, three hours; with exercises, one hour; In- 
troduction to higher geometry, three hours; Seminar, two hours. 
—By Professor A. ScHoENnFiies: Differential geometry of 
curves and surfaces, four hours; Seminar, two hours.—By Dr. A. 
Katuza: Analytic geometry of space, four hours; with exercises, 
one hour; Determinants, two hours.—By Dr. W. BreBEeRBACH: 
Partial differential equations, two hours; colloquium, one hour. 


Untversity oF Lerpzic.—By Professor K. Roun: Analytic 
geometry of space, four hours; Application of the differential 
calculus to space curves and surfaces, four hours; Seminar, 
two hours.—By Professor O. H6LpErR: Higher algebra, partic- 
ularly Galois’s theory of equations, two hours; Elliptic functions, 
four hours; Seminar, two hours.—By Professor G. HERGLOoTz: 
Mechanics, five hours; Fourier series and definite integrals, 
two hours; Seminar, two hours.—By Professor P. KorBe: 
Differential and integral calculus, five hours; with exercises, 
one hour; Potential theory and partial differential equations, 
two hours.—By Dr. R. Konic: Linear differential equations 
in a complex field, two hours. 


University oF Marsurc.—By Professor K. HENsEL: Integral 
calculus, four hours; Algebra, four hours; Seminar, two hours.— 
By Professor E. NEUMANN: Analytic theory of differential equa- 
tions, four hours; Proseminar, two hours; Seminar, two hours. 
—By Professor W. v. Datwick: Analytic mechanics, II, two 
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hours; Advanced chapters from the theory of analytic functions, 
two hours; Perspective and photogrammetry, two hours; with 
exercises, three hours.—By Dr. FE. HELiincer: Analytic ge- 
ometry of space, particularly of quadric surfaces, four hours; 
Selected chapters from the theory of functions of real variables, 
one hour; Exercises in the lower Seminar, one hour. 


University or Municu.—By Professor F. LinpEMANN: 
Differential calculus, five hours; Theory of abelian functions, 
four hours; Mathematical foundation of insurance, two hours; 
Seminar, two hours.—By Professor A. Voss: Plane analytic 
geometry, four hours; Mechanics, I, four hours; Seminar, two 
hours.—By Professor A. PrincsHem: Elements of the theory 
of numbers, four hours; New methods and results in the theory 
of functions, four hours.—By Professor H. Brunn: Elements of 
higher mathematics and foundations of descriptive geometry 
with exercises, four hours.—By Professor K. DoEHLEMANN: 
Descriptive geometry, I, five hours; with exercises, three hours; 
Synthetic geometry, five hours; with exercises, one hour.— 
By Dr. G. Hartocs: Elementary geometry of two and three 
dimensions; Complement of algebraic analysis, one hour. 


University oF Rostock.—By Professor O. Staupe: Dif- 
ferential and integral calculus, four hours; Applications of the 
differential calculus to geometry, four hours; Seminar, two 
hours. 


University or Srrasspurc.—By Professor H. WEBER: 
Differential and integral calculus, four hours; Partial dif- 
ferential equations of mathematical physics, two hours; Sem- 
inar, two hours.—By Professor F. Schur: Analytic geometry of 
the plane and of space, four hours; Selected chapters from the 
theory of surfaces, one hour; Seminar, two hours.—By Professor 
M. Smvon: Plane and spherical trigonometry, two hours; Non- 
euclidean geometry, two hours.—By Professor J. WELLSTEIN: 
Applications of the infinitesimal calculus, four hours; De- 
terminants, two hours; Seminar, two hours.—By Professor P. 
Epstein: Fourier series and related developments, two hours. 


University or Tipincen.—By Professor A. v. BRILL: 
Introduction to higher mathematics, four hours; Theory of 
algebraic curves, three hours; Seminar, two hours.—By Professor 
L. Maurer: Higher analysis, II, four hours; Higher algebra, 
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three hours; Seminar, two hours.—By Professor O. PERRON: 
Elementary analysis, four hours; Descriptive geometry, three 
hours; with exercises, three hours; Seminar, two hours. 


University oF Wirnzpurc.—By Professor G. Rost: An- 
alytic geometry of space, four hours; Plane analytic geometry, 
four hours; Spherical astronomy, II, two hours; Political 
arithmetic, two hours; Seminar, two hours; Introduction to 
higher mathematics (for students of insurance), two hours.—By 
Professor E. v. WEBER: Differential calculus, four hours; with 
exercises, two hours; Introduction to vector analysis, two hours; 
Seminar, two hours.—By Dr. E. Hizs: Algebraic curves, four 
hours; Definite integrals, four hours; Seminar, two hours. 


On June 14 an academic prize was awarded by the philo- 
sophical faculty of the University of Géttingen to Mr. Dunnam 
JACKSON, Hooper Fellow of Harvard University, for an essay 
entitled: “Ueber die Genauigkeit der Annaherung stetiger 
Funktionen durch ganze rationale Funktionen gegebenen Grades 
und trigonometrische Summen gegebener Ordnung.” 


Tue Gauss monument on the Hohenhagen, near Dransfeld, 
was dedicated July 31, the memorial address being delivered 
by Professor W. Vorert, of the University of Géttingen. 


Durine the Easter vacation of 1912 an extensive course in 
mathematics and physics for advanced teachers will be held at 
Géttingen under the direction of Professor F. Kier. 


Proressor R. Gans, of the University of Tiibingen, has been 
transferred to the University of Strassburg. 


Dr. R. K6nic has been appointed docent in mathematics 
at the University of Leipzig. 

Dr. H. v. SANDEN has been appointed docent in mathematics 
at the University of Gottingen. 


Dr. R. Scummack has been appointed docent in mathematic- 
al pedagogy at the University of Gottingen. 


Dr. L. ScHLEIERMACHER has been appointed docent in 
mathematics at the technical school of Darmstadt. 


Proressor E. Fiscuer, of the technical school at Briinn, has 
accepted a professorship of mathematics at the University of 
Erlangen. 
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Dr. R. Fucus, of the technical school at Berlin, has been 
promoted to an associate professorship of mathematics. 


Proressor H. v. Kocu, of the technical school at Stockholm, 
has been appointed professor of mathematics at the University 
of Stockholm, as successor to Professor G. Mittag-Leffler, 
retired. 


Dr. G. Mascen, of the University of Agram, has been 
promoted to a professorship of mathematics. 


Dr. E. Satxowsky, of the technical school at Berlin, has 
been promoted to a professorship of mathematics. 


PRroFressor A. SCHOENFLIES, of the University of Kénigsberg, 
has accepted the professorship of mathematics at the academy 
of social science at Frankfort. 


Dr. A. N. WarreHeap has been appointed lecturer in applied 
mathematics at University College, London. 


Proressor B. F. YANNeEy, of Mount Union College, Ohio, 
has accepted the professorship of mathematics at Wooster 
University. 

Dr. H. E. Bucuanan has been appointed professor of 
mathematics at the University of Tennessee. 


Proressor H. L. Rrerz, of the University of Illinois, has 
been promoted to an associate professorship of mathematics. 
Dr. E. B. Srourrer has been appointed instructor in mathe- 
matics. 


Mr. O. T. Gecketer has been appointed instructor in 
mathematics in the school of applied science of the Carnegie 
Technical Schools, Pittsburgh, Pa. 


Dr. F. T. H’Dovusier has been appointed instructor in 
mathematics at the University of Wisconsin. 


Mr. A. B. Dunning has been appointed assistant professor 
of mathematics at Boston University. 


Dr. E. G. Brix has been appointed instructor in mathe- 
matics at Purdue University. 


Dr. S. LerscHetz, of Clark University, has been appointed 
instructor in mathematics in the University of Nebraska. 
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At Northwestern University Mr. C. H. Yzaton has been 
appointed instructors in mathematics. 


Mr. L. C. Cox has been appointed instructor in mathe- 
matics at Pennsylvania State College. 


ProFessoR Franz Mertens, of the University of Vienna, 
has retired from active service. 


Proressor E. L. Hancock, of the Worcester Polytechnic 
Institute, died on October 1 at the age of thirty-eight years. 
Professor Hancock had been a methber of the American Mathe- 
matical Society since 1902. 


Proressor J. GRUNWALD, of the German University at 
Prague, died July 1, at the age of 35 years. 


Proressor H. ScuusBert, of the Johanneum in Hamburg, 
and editor of the Sammlung Schubert, died July 20, at the 
age of 63 years. 





NEW PUBLICATIONS. 


I. HIGHER MATHEMATICS. 


Anrens (W.). Gelehrten-Anekdoten. 2ter Teil. Berlin-Schéneberg, 
Sack, 1911. M. 2.40 


Amprecnut (A.). Zum grossen Fermatschen Satz. Dresden, Kohler, 
1911. 8vo. 4 pp. M. 0.50 


Avssant-CarA (P.). Sulla discussione dei probleme riducibili al secondo 
grado, con applicazioni. Livorno, 1910. 8vo. 58 pp. M. 1.50 


Bavucu (B.). Studien zur Philosophie der exakten Wissenschaften. Heidel- 
berg, 1911. M. 5.00 


BeErnsTEIN (S. N.). The theory of probabilities. (Russian.) Charkow, 
1911. 8vo. 254 pp. 


Boret (E.). Eléments de la théorie des probabilités. 2e édition. Paris, 
Hermann, 1911. 8vo. 191 pp. Fr. 6.00 


Bosmans (H.). La premiére édition de la “Clavis Mathematica” 
d’Oughtred. Son influence sur la ‘‘Géométrie” de Des Cartes. Lou- 
vain, Geutrick. 1911. 


Bicnuer, Neue, iiber Naturwissenschaften und Mathematik. (Die 
Nouigkeiten des deutschen Buchhandels, nach Wissenschaften geord- 
ne:.) Mitgeteilt Sommer 1911. Leipzig, Hinrichs. 8vo. yn 0-. 

. 0.30 


BusMann (F.). Ein neuer Kegelschnittzirkel. Bonn a. R., Hilgers. 


Cuairin (J.). Cours de mathématiques générales. Tome I: Algébre, 
géométrie analytique, calcul différentiel. Lille, Janny, 1911. 4to. 
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DeDonper (T.). Sur les équations canoniques de Hamilton-Volterra. 
Paris, Gauthier-Villars, 1911. 4to. 44 pp. Fr. 3.7 


Ducta (V.). Démonstration d’un théoréme de Fermat. Pau, Garet, 
8vo. 22 pp. 


ENcycLopépie des sciences mathématiques pures et appliquées. Edition 
francaise. Tome II. Volume 2. Fascicule 1: Analyse algébrique, 
par A. Pringsheim, G. Faber, et J. Molk; Fonctions analytiques, par 
W. F. Osgood, P. Boutroux et J. Chazy. Leipzig, Teubner, 1911. 
8vo. pp. 1-96. M. 3: 

—TomelIII. Volumel. Fascicule 1: Principes de la géométrie, par F. 
Enriques; Notes sur la géométrie non-archimédienne, par A. Schoen- 
flies; Les notions de ligne et_de surface, par H. von Mangoldt et L. 
Zoretti. Leipzig, Teubner, 1911. S8vo. pp. 1-160. M. 6.00 


ENGEL (F.). See GrassMANN (H.). 


Frnzet (A.). Die Lehre vom Flacheninhalt in der allgemeinen Geometrie. 
(Diss.) Strassburg, 1911. 


FontatnE (G.). Théorie des opérations segmentaires, édifiée en vue 
d’éliminer le nombre du domaine de la géométrie pure. Paris, 1910. 
Svo. 44 pp. Fr. 2.50 


Fueter (R.). Die Klassenkérper der komplexen Multiplication und ihr 
Einfluss auf die Entwicklung der Zahlentheorie. Bericht, zur Feier 
des 100ten Geburtstags Eduard Kummers der Deutschen Mathemat- 
iker-Vereinigung erstattet. Leipzig, Teubner, 1911. 8vo. ie pp. 

1.50 


Gauss (C. F.). Recherches arithmétiques. Nouvelle édition. Paris, 
1910. 4to. Fr. 20.00 


Guaser (F.). Ueber die Galoissche Gruppe der Gleichung 16ten Grades, 
von welcher die 16 Knotenpunkte der Kummerschen Flache 4ter 
Ordnung abhiingen. (Diss.) Strassburg, 1911. S8vo. 30 pp. 


Gusesow (N.). Coordinates; a mathematical abstraction. (Russian.) 
Volume 1. St. Petersburg, 1911. S8vo. 128 pp. 


Gmerner (J. A.). See Stouz (0.). 


Goursat (E.). Cours d’analyse mathématique. 2e édition, entiérement 
refondue. Tome 2: Théorie des fonctions analytiques. Equations 
différentielles. Equations aux dérivées partielles du premier ordre. 
Paris, Gauthier-Villars, 1911. 8vo. 654 pp. Fr. 20. 


GRANVILLE (W. A.). Elements of the differential and integral calculus. 
With the editorial cooperation of P. F. Smith. Revised edition. 
Boston, Ginn, 1911. 8vo. 15+463 pp. $2.50 


GrassMANN (H.). Gesammelte mathematische und physikalische Werke. 
3ter Band, 2ter ‘1 cil: Grassmanns Leben, geschildert von F. Engel, 
nebsteinem Verzeichnisse der von Grassmann ver@ffentlichten Schriften 
und einer Uebersicht des handschriftlichen Nachlasses. Leipzig, 
Teubner, 1911. 8vo. 15+400 pp. M. 11.00 


GuupBerc (A.). See WALLENBERG (G.). 

Haan (H.). Bericht iiber die Theorie der linearen Integralgleichungen. 
lter Teil. Leipzig, Teubner, 1911. 8vo. 51 pp. M. 1.20 

Havpr (O.). Untersuchungen iiber Oszillationstheoreme. (Diss.) Leip- 

zig, Teubner, 1911. M. 2.00 
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Horrincer (O. C.). La théorie des irrationelles et son application a la 
théorie des équations. Paris, 1911. 


Keisker (L.). Beitrige zu den Anwendungen der Theorie der unendlich 
kleinen Schraubungen auf Raumkurven. Miinster, 1910. 8vo. 
44 pp. M. 2.00 


Kirner (A.). Das vernunftgemiisse Studium der reinen und angewandten 
pwc er auf mnemologischer Grundlage. Mit besonderer Be- 
or -y ksichtigung der Infinitesimalrechnung. Miinchen, Péhlmann, 


Kuospassa (C.). Aufgaben fiir den Unterricht im Differenziren an a. 
schulen. Troppau, 1911. 8vo. 42 pp. M. 2 


K@6nic (R.). Konforme Abbildung der Oberfliche einer raumlichen ea 
(Habilitationsschrift.) Leipzig, Teubner, 1911. 8vo. 24 pp. 


Kowatewsk1 (G.). Die komplexen Veranderlichen und ihre Funktionen. 
Fortsetzung der Grundziige der Differential- und Integralrechnung, 
zugleich eine Einfiihrung in die Funktionentheorie. Leipzig, Teubner, 
1911. 8vo. 4+455 pp. Cloth. M. 13.00 

Lecat (M.). Legons sur la théorie des déterminants 4 n dimensions, avec 
applications a l’algébre, 4 la géométrie, etc. Gand, 1910. 4to. 

Fr. 13.00 

LEGRAND (E.). Sommations par une formule d’Euler. De l’usage qu’on 
as en faire pour résoudre de nombreux problémes. Paris, Gauthier- 

illars, 1911. 8vo. 46 pp. Fr. 2.75 

LeRovx. Sur un type d’équations intégrales. Paris, 1910. 


Lesser (O.). Die Infinitesimalrechnung im Unterricht der Prima. 2te 
Aufiage. Berlin, Salle, 1911. 


——Lehr- und Uebungsbuch fiir den Unterricht in der synthetischen 
Geometrie der Kegelschnitte. Ausgabe A. Berlin, Salle, 1911. 


Lorenz (H.). Einfiihrung in die Elemente der héheren oa 
und Mechanik. Berlin, Oldenbourg, 1910. M. 2.40 


Morn (A.). Contribution 4 l’étude de la géométrie. Démonstration 
du postulatum d’Euclide. Nantua, Aréne, 1911. 4to. 4pp. 


Mier (A.). Das Problem des absoluten Raumes und seine Beziehung 
zum allgemeinen Raumproblem. (Die Wissenschaft: Sammlung 
naturwissenschaftlicher und mathematischer Monographien, Heft 
39.) Braunschweig, Vieweg, 1911. 8vo. 10+154 pp. bas 2 a 

4, 


Miuer (H.). Die Grundbegriffe der Differenzial- und Integralrechnung 
und ihre Anwendung auf die Elementarmathematik. Metz, Sy 
1911. 8vo. 4+32 pp. .70 


NIELSEN P sg ). Elemente der Funktionentheorie. Vorlesungen Lae 
an der Universitat Kopenhagen. Leipzig, Teubner, ie 8vo. 
10+520 pp. Cloth. M. 15.00 


Noértunp (N. E.). Uber lineare Differenzengleichungen. Kopenhagen, 
1911. M. 0.75 

Ope (K.). Das Pythagoreische Dreieck und Faktorenzerlegung der 
Gleichung z*+y"=A", wenn n>2. 

OuGuTRED. See Bosmans (H.). 
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Pepore (G.). Sul concetto di prolungamento analitico. Montepulciano, 
Della Querce, 1911. 8vo. 22 pp. 


Poincaré (H.). Der Wert der Wissenschaft. Mit Genehmigung des 
Verfassers ins Deutsche iibertragen von E. Weber, mit Anmerkungen 
und Zusitzen von H. Weber und einem Bildnis des Verfassers. 2te 
Auflage, mit einem Vorwort des Verfassers. Leipzig, Teubner, 1911. 
8vo. 8+251 pp. Cloth. M. 3.60 


Remak (R.). Ueber die Zerlegung der endlichen Gruppen in direkte 
unzerlegbare Faktoren. (Diss.) Berlin, 1911. 4to. 20 pp. 


RIcHTENFELS (J.). Allgemeiner Beweis des Fermatschen Lehrsatzes. 
Berlin, Friedlander, 1911. S8vo. 15 pp. M. 1.00 


— Mebhrere allgemeine Beweise fiir den sogenannten grossen Fer- 
matschen Lehrsatz. Kritische Beitriige zur Theorie der Irrational- 
Zahlen. 2te.Auflage. Berlin, Friedliinder, 1911. Svo. 42 pp- 

A. 2 


Saceret (J.). Henri Poincaré. Avec 1 portrait et 1 autographe. (Les 
hommes et les idées.) Paris, Mercure de France, 1911. 16mo. 
80 pp. Fr. 0.75 


Scumepes (W.). Analytische Behandlung der Bewegungen im nichteu- 
klidischen Raume. (Diss.) Strassburg, 1911. 8vo. 33 pp. 


Scuotren (H.). Friedrich Pietzker. Mit einem Bildnis Pietzkers. Leip- 
zig, Teubner, 1911. Svo. S pp. M. 1.00 


ScureiTeR (F.). Ueber das kombinatorische Produkt von vier Kolline- 
ationen im Raum und die Apolaritiit kollinearer Verwandtschaften auf 
allen Stufen. (Diss.) Giessen, 1911. Svo. 60 pp. 


Suetiy (J. M.). Coordenadas hyperboloidales y su aplicacion al estudio 
de las conicas y cubicas contenidas en una cuadrica alabeada. (Diss.) 
Madrid, Alemana. 8vo. 57 pp. 


Sérér1an (A.). Notice sur le systéme des six coordonnées homogénes 
d’une droite et sur les éléments de la théorie des complexes linéaires. 
Lausanne, Denéréaz-Spengler. Svo. 79 pp. Fr. 1.50 


Sierpinski (W.). The theory of incommensurable numbers. (Polish.) 
Warsaw, 1910. Svo. 149 pp. $0.50 


Strverra (A. da). A mathematica na musica e na linguagem. Bello 


Horizonte, 1911. Svo. 74 pp. $1.00 
SommMerFELDT (E.). Die Kristallgruppen nebst ihren Beziehungen zu 
den Raumgittern. Dresden, Steinkopf, 1911. M. 3.00 


Srerzincer (O.). Zur Logik und Naturphilosophie der Wahrschein- 
lichkeitsrechnung. Ein umfassender Lésungsversuch. Leipzig, 
Xenien-Verlag, 1911. 

Sroiz (O.) und Gmeiner (J. A.). Theoretische Arithmetik. 1te Abtei- 
lung: Allgemeines. Die Lehre von den rationalen Zahlen. 2te 
Auflage, umgearbeitet von J. A. Gmeiner. Leipzig, Teubner, 1911. 


8vo. 6+148 pp. Cloth. M. 5.20 
VaitaTti (G.). Scritti matematici e filosofici, 1863-1909. Con biografia 
da P. O. Premoli. Firenze, 1911. L. 16.60 


Watienserc (G.). Theorie der linearen Differenzengleichungen. Unter 
mitwirkung von Alf Guldberg. (Teubner’s Sammlung, Band 35.) 
Leipzig, Teubner, 1911. 8vo. 14+288 pp. Cloth. M. 11.00 
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Winter (M.). La méthode dans la philosophie des mathématiques. 
Paris, 1911. 12mo. Fr. 2.50 


Youne (J. W. A.). Monographs on topics of modern mathematics 
relevant to the elementary field, edited by J. W. A. Young. New 
York, Longmans, 1911. 8vo. 8+416 pp. $3.00 


Zuccuetti (R.). Proprieta metriche di una C™ dell’ S, osculatrice 
all’ iperpiano all’ infinito. Milano, Pirola, 1911. S8vo. 29 pp. 


Il. ELEMENTARY MATHEMATICS. 
d’ApHémar (R.). See Monrtessus (R. de). 

Autcock (C. H.). Theoretical geometry for beginners. Revised and 
rearranged. Parts II-IV. New York, Macmillan, 1911. 12mo. 
ALLEN (J.). See TANNER (J. H.). he 

Bestuorn (R. O.). See Eucuipis. 


Bour.et (C.). Eléments d’algébre. ler et 2e cycles. Classes de 3e A 2e 
et Ire A et B. S8e édition, revue. Paris, Hachette, 1911. 16mo. 
296 pp. Fr. 2.00 


Bremant (A.). L’arithmétique du brevet élémentaire de capacité, suivi 
de notions pratiques de g¢éom(¢trie et d’un cours d’algébre. 12e édition. 
Paris, 1911. 12mo. 


Bruno (G. M.). Nociones elementales de geometria aplicados al dibujo 
lineal. 15e edicién. Tours, Mame, 1911. 16mo. 112 pp. 


CapPELLoni (A.). Trattato teorico-pratico di algebra elementare. Parte 
oe per tutti, n° 34.) Firenze, Salani, 1911. 16mo. 


0.15 

Pps “ V.). Practical algebra. Second course. New York, Ameri- 
can Book Co., 1911. 16mo. 10+303 pp. Cloth. $0.85 
CommissatrE (H.). Lecons d’algébre et de trigonometric. Paris, 1911. 
8vo. Cloth. Fr. 7.50 


Crispin (O.). Recueil de procédés de calculs rapides et de curiosités 
mathématiques. 5e édition, revue et augmentée. Liége, Brimbois, 
1911. 12mo. 12 pp. Fr. 0.50 


De Grooprt (G.). Manuel de trigonom(¢trie rectiligne, suivi d’une série 

de 200 problémes de géométrie. Mons, Delporte, 1911. 4to. 83 pp. 
’ Fr. 1.50 

Eruane (A. K.). Fircifrede logarithmetavler og andre regnetavler til 
brug ved undervisning og i praksis. Udgave B. Kébenhavn, Gads 
Forlag, 1910. 

Eucuipis clementa ex interpretatione Al-Hadschdschadschii cum com- 
mentariis Al-Narizii (Codex Leidensis 399, 1). Arabice et Latine 
ediderunt notisque instruxcrunt R. O. Besthorn et J. L. Heiberg. 
Copenhagen, 1910. 8vo. 81 pp. $1.25 

Feur (H.). Etat des travaux de la commission internationale de Il’ enseigne- 
ment mathématique. Genéve, 1911 


FeitpMan (D. D.). See Hart (C. A.). 
Frippiat (V.). See SLAGMULDER (F.). 


Gorrin (J.). Géométrie A usage des écoles moyennes. Liége, Dessain, 
1911. 8vo. 258 pp. Fr. 2.59 
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Géransson. See Kocu (H. von). 


GraweE (D. O.). Elements of analytic geometry. Part 1: Geometry of 
the plane. (Russian.) Kiew, 1911. Svo. 491 pp. $2.25 


Hart (C. A.) and FetpMan (D.D.). Plane geometry. With the editorial 
cooperation of J. H. Tanner and V. Snyder. New York, American 
Book Co., 1911. 12mo. 303 pp. Cloth. $0 


Herperec (J. L.). See Evcuipis. 


Hocuuerm (A.). Aufgaben aus der analytischen Geometrie der Ebene. 
3tes Heft: Die Kegelschnitte. 2te Abteilung. 2te, vermehrte 
Auflage. Leipzig, Teubner, 1911. 8vo. 4+169 pp. Cloth, 


Hovet (J.). Tables de logarithmes 4 cing décimales pour les Be: et 
les lignes trigonométriques. Nouvelle édition, revue et augmentée. 
Paris, Gauthier-Villars, 1911. S8vo. Boards. Fr. 2.75 


Jeno (A.). Szdmtolé6 kézikényve. Budapest, Patria. 


Junce (G.). Ueber den Fehler bei logarithmischen Rechnungen. (Progr.) 
Landsberg a. W., 1911. 


Kuern (F.). Aktuelle Probleme der Lehrerbildung. Vortrag. (Schriften 
des deutschen Ausschusses fiir den mathematischen und naturwissen- 
schaftlichen Unterricht, Heft 10.) Leipzig, Teubner, 1911. 8vo. 
4+32 pp. 

Kocn (H. von) und Géransson. Der mathematische Unterricht in 
Schweden. Stockholm, Fritzes Verlag. 


K6uter (E. T.). Manuale logarithmico-trigonometrico, con 7 decimali. 
14a edizione. Leipzig, Tauchnitz, 1911. 8vo. 38+388 pp. Half 
leather. M. 4.20 


Krrtow (A. U.). Lectures on approximate computations. (Russian.) 
St. Petersburg, 1911. 8vo. 325 pp. 


Lennes (N. J.). See Staucut (H. E.). 


LeRMANTOFF (W.). Course in applied algebra. 2nd edition. (Russian.) 
St. Petersburg, 1911. 8vo. 190 pp. 


Lorey (W.). Staatspriifung und praktische Ausbildung der Mathematiker 
an den héheren Schulen in Preussen, u.s.w. (Abhandlungen tiber den 
mathematischen Unterricht in Deutschland. l1ter Band, 3tes Heft.) 
Leipzig, Teubner, 1911. 8vo. 5+118 pp. M. 2.20 


Marnecre (J.). Manuel d’algébre élémentaire. 3e année gM 
Namur, Wesmael-Charlier, 1911. 16mo. 135 pp. 1.50 


Manpart (H.). Lecons de géométrie analytique 4 deux ieaselaads a 
lusage de l’enseignement moyen. Namur, Wesmael-Charlier, 1911. 
8vo. 335 pp. Fr. 6.00 


Matera (G.). Alcune costruzioni geometriche: Rettificazione della 
circonferenza, poligoni regolari, poligoni stellati, costruzione dell’ovolo. 
Napoli, De Rosa, 1911. 8vo. 16 pp. 


Moénik-ZaHRADNICEK. Arithmetik und Algebra fiir die 5te bis 7te 
Klasse der Gymnasien. M. 4.00 


-——. Arithmetik und Algebra fiir die 5te bis 7te Klasse der Realschulen. 
M. 4.10 
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Montessvs (R. de) et p’ApHémarR (R.). Calcul numérique. 
rations arithmétiques et algébriques. 2e partie: iniieetion: 
(Encyclopédie scientifique.) Paris, Dan, 1911. m8 1 mo. ey 


MoraweEtz (J.). Vagaeior 1 ithmische und [memes —_ 
nebst einigen Hilfstafe! ien, Tempsky, 1911. 


Morr (D.). Elementi di geometria. (Biblioteca per tutti, n° 28) = 
renze, Salani, 1911. 16mo. 71 pp. 0.15 


Murray (D. A.). Elements of plane trigonometry. New York, fer 
mans, 1911. 8vo. 9+136 pp. $0.75 


NIEWENGLOwsKI (B.). Cours de géométrie analytique. 2e édition. Tome 
ler: Sections coniques. Paris, Gauthier-Vi , 1911. 8vo. haa 
496 pp. Fr. 1 


Paterson (W. E.). School algebra. 3rd edition. Parts 1 and 2. Fee 
don, Frowde, 1911. 8vo. 6s. 


Perretro (F.). Multiplicator perfettus. Tables pour rendre rapides 
et faciles les multiplications, divisions, élévation au carré et extraction 
de racines carrées. Paris, Gauthier-Villars, 1910. 4to. Pg 


Queney (A.). Problémes et exercises d’arithmétique théorique. Paris, 
1911. 16mo. 


Scument (C.). Lehrbuch der ebenen Geometrie fiir héhere Lehranstalten. 
Giessen, Roth, 1911. M. 2.50 


Scnwas (K.). Lehr- und Ubungsbuch der Geometrie. l1ter Teil. Aus- 
gabe B. Besorgt von C. H. Miiller. Leipzig, Freytag, 1910. M. 2.50 

——. Lehr- und Ubungsbuch der Geometrie. 2ter Teil. Ausgabe A. 
Leipzig, Freytag, 1911 M. 2.00 

—. Lehr- und Ubungsbuch der Gecmetrie. 3ter Teil. Ausgabe A. 
Leipzig, Freytag, 1911. . 2.00 

Snan (M. F.). Analytic geometry. (Russian.) 2nd edition. Rostow, 
1911. 8vo. 348 pp. 


Smion (M.). Analytische Geometrie der Ebene. (Sammlung Géschen, 
Band 65.) 3te, verbesserte Auflage. Leipzig, Géschen, 1911. 8vo. 


195 pp. Cloth. M. 0.80 
SLaGMULDER (F.) et Fripprat (V.). Cours d’algébre élémentaire. Ta- 
mines, Duculot-Roulin, 1910. 16mo. 253 pp. Fr. 1.60 


Stavueut (H. E.) and Lennes (N. J.). Plane and solid geometry; with 
nga and applications. New York, Allyn, 1911. 12mo. 12+ 
470 $1.25 

SMITH Bs Ma: See Wentworts (G. A.). 


Suppantscuitscn (R.). Mathematisches Unterrichtswerk. Lehrbuch 
der Arithmetik und Algebra fiir die 6te bis 8te Klasse der Gymnasien. 
Wien, Tempsky, 1911. K. 4.50. 


TANNER (J. H.) and ALLEN (J.). Brief course in analytic geometry. 
(Modern mathematical series.) New York, American Book Co 
1911. 12mo. 316 pp. Cloth. 


VANEUKEM (F.). Eléments de géométrie pratique. Tome ler. Gand, 
Vanderpoorten, 1910. 8vo. 304 pp. Fr. 2.50 
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Vismara (F.). Le proiezioni ortogonali. (Biblioteca del popolo, n° 
496.) Milano, Sonzogno, 1911. 16mo. 62 pp. L. 0.20 


Wert (A.). Sammlung graphischer Aufgaben fiir den Gebrauch an 
héheren Schulen. Mathematik und Physik. 2te, vermehrte aa 
verbesserte Auflage. Gebweiler, Boltze, 1911. M. 2.70 


Wentworth (G. A.). Plane and solid geometry. Revised edition- 
Boston, Ginn, 1911. 12mo. 7+470 pp. Cloth. $0.75 


— and Smita (D. E.). Vocational algebra. (Wentworth-Smith 
mathematical series.) Boston, Ginn, 1911. 12mo. 4+88 pp. 
Cloth. $0.50 


Witx (H.). Neue Rechenmethode, gegriindet auf das natiirliche Werden 
der Zahlen und des Rechnens. 2te Auflage. Dresden-Blasewitz, 
Bleyl und Kaemmerer. 


Ill. APPLIED MATHEMATICS. 


Apami (F.). Die Elektrizitat. lter Teil. (Biicher der Naturwissen- 
schaft. 9ter Band.) Leipzig, Reclam. 127 pp. M. 0.40 


ALTENBURGER (J.), Braun (H.), Meyer (P.) und Spancenserc (P.). 
Versicherungsmathematische Abhandlungen. Berlin, 1911. bag - 
. 4 


ANDRADE (J.). Le mouvement. eng de l’étendue et mesures du 
temps. Paris, Alean. 8vo. 328 


AppE.t (P.). Traité de mécanique te het 3e édition, entiérement 
refondue. Tome 2: Dynamique des systémes. Mécanique analyt- 
ique. Paris, Gauthier-Villars, 1911. 8vo. 566 pp. Fr. 20.00 


Baxuuis Rozesoom (H. W.). Die heterogenen Gleichgewichte vom 
Standpunkte der Phasenlehre. 3tes Heft: Die ternaren Gleichye- 
wichte. liter Teil, von F. A. H. Schreinemakers. Deutsch von 
J.J. B. Deuss. Braunschweig, Vieweg, 1911. M. 106.00 


Barre (E.). I: Sur une classe = solutions des équations indéfinies de 
Yequilibre d’élasticité. II: Application de la pate cinématique 
4 la théorie des surfaces engendrées par une courbe variable. (Théses.) 
Nancy, Berger-Levrault, 1911. 4to. 78 pp. 


BERNSTEIN (R.). Beitriige zur Ausbildung der Kraftmesser. lter Teil. 
(Habilitationsschrift.) Halle a. S., 1911. 


Bourcgeots. Geodésie élémentaire. (Encyclopédie scientifique. Bib- 
liotéque de mathématiques appliquées.) Paris, Doin, 1908. 18mo. 
6+452+12 pp. 


Brawn (H.). See ALTENBURGER (J.). 


CasTELLANO (F.). Lezioni di meccanica razionale. 2a edizione. Torino, 
Cassone, 1911. 8vo. 7+462 pp. 


CHARBONNEAU (A.). Les courants alternatifs de haute fréquence. Thé- 
orie. Production. Applications. Paris, Geisler, 1911. S8vo. 629 
pp. Fr. 18.50 


Darwin (Sir G. W.). Ebbe und Flut sowie verwandte Erscheinungen 
im Sonnensystem. Autorisierte deutsche Ausgabe nach der 3ten 
englischen Auflage von A. Pockels. 2te Auflage. (Wissenschaft und 
Hypothese, Band V.) Leipzig, Teubner, 1911. 8vo. 24+420 pp. 
Cloth. M. 8.00 
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Dineter (H.). Die Grundlagen der angewandten Geometrie. Eine 


Untersuchung iiber den Zusamm: zwischen Theorie und Er- 
f: in den exakten Wissenschaften. Leipzig, Akademische 
Verlagsgesellschaft, 1911. S8vo. 8+160 pp. M. 6.00 


Fiscuer (M.). See Macu (E.). 


Gavnin (J.). Tables pour le tracé des courbes de chemins de fer, routes 
et canaux. Ire Y aaphwas Tables trigonométriques; par J. Gaunin. 2e 
poe: Recueil coordonnées; par J. Gaunin, L. Houdaille, et A. 

rnard. Nouvelle édition, revue et corrigée. Paris, Dunod et Pinat, 
1911. 8vo. ire partie, 6+ 181 pp.; 2e =e 14+182 pp. 


GorrincerR (A.). Der goldene Schnitt (géttliche Proportion) und seine 
Beziehung zum menschlichen Kérper und anderen Dingen mit Zu- 
grundelegung des goldenen Zirkels. 2te Auflage, von A. Hoelzel. 
Miinchen, Lindauer, 1911. 


Gurtior (L.). Cours de mécanique. Tome 2: Mécanique speciale des 
fluides. Hydraulique. Thermodynamique. Air comprimé. Paris, 
Béranger, 1911. 8vo. 353 pp. 


Harsorpt (F.). See Macu (E.). 


Haret (S. C.). Mécanique sociale. Paris, Gauthier-Villars. 8vo. 256 
pp. Fr. 5.00 


Hinricus (W.). Einfiihrung in die geometrische Optik. (Sammlung 
Géschen. Band 532.) Leipzig, Géschen, 1911. 8vo. 144 pp. 
Cloth. M. 0.80 


Hoeuzen (A.). See Gorrrmncer (A.). 


Hoesstin (H. v.). Die Schallgeschwindigkeit als Funktion der Verteilung 
der molekularen Geschwindigkeiten. Miinchen, Lukaschik, 1911. 
8vo. 5+70 pp. M. 2.80 


Hooton (W. M.) and Marsaias (A.). A preliminary course of mechanics 
and physics. London, 1911. 


Inerine (A. v.). Die Mechanik der festen, fliissigen, und gasférmigen 
K6rper. iter Teil: Die Mechanik der festen Koérper. (Aus Natur 
und Geisteswelt, 303.) Leipzig, Teubner, 1911. 8vo. es - 


Jacop (L.). Le caleul mécanique. pareils arithmétiques et algé- 
briques. Intégrateurs. Gent iopeke scientifique.) Paris, Doin. 
18mo. 428 pp. Fr. 5.00 

Jamieson (A.). A text-book of applied mechanics and mechanical en- 


gineering. Volume 3. 8th edition, thoroughly revised. London, 
Griffin, 1911. 8vo. 278 pp. 5s. 


JiTrner (F.) Ueber die allgemeinen Integrale der gewéhnlichen che- 
mischen Kinetik. (Festschrift zur Jahrhundertfeier der Universitat 
Breslau.) Breslau, Trewendt & Granier, 1911. 8vo. 10 pp. 


0.60 
Kerr (H.). Mathematische Geographie und Kartographie. lte und 
2te Auflage. Trier, Lintz, 1911. 8vo. 8+51 pp. M 1.10 


LALANDE (L.) et NoatHat (H.). Eléments de thermodynamique. Paris, 
Geisler, 1911. 8vo. 3+235 pp. 

—. La thermodynamique appliquée 4 la machine & vapeur. Paris, 
Geisler, 1911. S8vo. 199 pp. 
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Lave (M.). Das ae" ean (Die Wissenschaft, Heft 38.) 
Braunschweig, Vieweg, 191 M. 6.50 


LeHevx (J. W. N.). etic sche Stimmgabelkurven in stereosko- 
pischer Darstellung. Leipzig, Barth, 1911. S8vo. 8 pp. M. 6.00 


Lippmann (A.). Einfiihrung in die Aeronautik. iter Teil: Theoretische 
Grundlagen. Elementare Vortrage. Leipzig, 1911. M. 7.00 


Macs (E.). Grundriss der Physik. Bearbeitet von F. Harbordt und 
M. Fischer. iter Teil: a Lehrgang. 4te, = 
Auflage. Leipzig, Freytag, 1910. M. 2.00 

Marner: (L.). La théorie de l’intérét et ses applications. age 
Castaigne, 1911. 8vo. 10+-235 pp. Fr. 20.00 


Manes (A.). Grundziige des Versicherungswesens. 2te Astiogs. 74 
zig, 1911. 8vo. 151 pp. 1.25 


Massav (J.). Lecons de mécanique rationnelle. Tome 1: sal 


vectorielle. Statique. .Gand, Van Goethem, 1911. 8vo. 15+259 
pp. Fr. 10.00 


Marstas (A.). See Hooron (W. M.). 
Meyer (P.). See ALTENBURGER (J.). 


Morosorr (N. A.). Die Evolution der Materie auf den Himme!sk6rpern. 
Eine theoretische Ableitung des periodischen Systems. Autorisierte 
os von B. Pines und A. Orechoff. Dresden, Steinkopf, 
1910. 


Mvrpock (H. E.). —- of materials. New York, Wiley, 1911. 
12mo. 14+308 pp. Cloth. $2.00 


NoatHat pe See LauanveE (L.). 
Ort: (H.). uptfragen und Hauptmethoden der Kartenentwurfslehre 


unter Ba. erer Rucksichtnahme auf die Abbildung der Schweiz. 
Aarau, Sauerlinder. 4to. 63 pp. 


Pes (G.). Nuova navigazione astronomica. Le rette di posizione, 
teoria, applicazioni. Genova, 1911. 4to. 188+71 pp. L. 8.25 


Pockets (A.). See Darwin (Sir G. W.). 


Porncarté (H.). Die neue Mechanik. (Sonderabdruck aus “Himmel und 
Erde,” Jahrgang 23.) Leipzig, Teubner, 1911. S8vo. 22 aa 


Rerstein (E.). pees _— iiber Transversalschwingungen der 
—— elliptisch oder kreisférmig begrenzten Vollmembran 
und Kreisringmembran sowie von Vollkreis- und Kreisringmembranen 
mit nach speziellen Gesetzen variirter ungleichférmiger Spannung. 
(Diss.)- Géttingen, 1911. 

RopeEnBERG (C.). See ScHLorKe (J.). 

Scuituter (L.). Die Aenderung der Dielektrizitaitskonstante des Kaut- 


schuks bei Zug senkrecht zu den Kraftlinien. (Diss.) Leipzig, 1911. 
8vo. 82 pp. 


ScutoTke (J.). Lehrbuch der darstellenden Geometrie. Iter Teil: 
Spezielle darstellende Geometrie. 7te, durchgesehene und erginzte 
Auflage, herausgegeben von C. Rodenberg. Leipzig, Degener, 1911. 
8vo. 8+169 pp. M. 3.80 

SPANGENBERG (P.). See ALTENBURGER (J). 











